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ABSTRACT 


This  report  presents  date  on  the  Ionospheric  perturtetloos 
resulting  froa  the  five  I962  blgb-altltude  nuclear  detonations^ 
Star  Fish,  Check  Mate,  GUI,  ICLng  Fish,  and  Tl^it  Rope,  as 
obtained  with  sveep^frequeney  vertical-incidence  lonosoodes 
operated  at  the  Islands  of  Maul,  Tern  (Frer^  Frigate  Shoals), 
Midway,  Wake  (Star  Fish  only).  Canton,  Tutulla  (Aaerlcan  Samoa), 
and  Tongatapu.  The  lonosondes  at  I^lduay  end  Tomatapn  bad  a 
frequency  range  of  1  to  25  Me*  At  the  other  stations  the  range 
ws  0.25  to  20  Me. 

The  objective  vas  to  obtain  Infonaatlon  on  the  laKdlate 
and  delayed  effects  on  the  Ionosphere,  Including  radio  vave 
absorption  and  changes  In  electron  density,  at  vurions  distances 
and  directions  from  the  detonations.  Beginning  a  fee  alnutes 
before  detonation,  each  ionoscside  vas  onerated  eontiaaously  until 
about  H  *  2  hours,  vben  the  Interval  between  lonograas  was  in¬ 
creased  to  five  minutes  for  several  more  hours.  Othendse, 
lonogramc  were  made  at  15-mlnute  Intervals. 

The  results  are  presented  In  the  fora  of 

a.  selected  lonograms, 

b.  plot  of  F-layer  critical  frequencies  and 
obsei-vable  reflected  frequencies  (f-oln)  versus  time 
from  H  -  10  minutes  to  H  S  hours, 

e.  plots  of  F-layer  virtual  heights  at  several  flrequencles 
as  a  function  of  time  from  H  -  10  minutes  to  H  3  hours, 

d.  f-plots  for  a  four-day  period  encom^slng  each 
detonation. 

The  greatest  effects  were  produced  by  Star  Fish  and  the 
least  by  Tight  Hops.  A  pron^  Increase  In  sbsoxytlan  vas  observed 
at  all  stations  for  all  events  except  Tight  Rqpe.  It  vas 
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especially  great  for  Star  Fish,  and  obliterated  all  echoes 
(blackout)  at  noet  stations  for  periods  ranging  from  a  few 
seconds  at  Tutulla  to  an  hour  and  a  half  at  Tbm.  Sifl>8tantlal 
aticospheric  acoustic-type  vaves  vere  generated  by  Star  Fish  and 
King  Fish,  and  naves  of  somewhat  less  aoplltude  vere  generated 
by  Check  Ifate  and  Blue  Gill.  Bo  positively  identified  effects 
from  Tight  Rope  vere  observed  at  any  of  the  stations. 

Effects  associated  with  its  proximity  to  the  magnetic  con¬ 
jugate  area  vere  observed  at  Tutuila.  Thus,  whereas  substantial 
decreases  in  F-layer  ionization  density  occurred  after  Star  Fish 
at  the  northern  hemisphere  stations,  a  large  (S^-fold)  and  al- 
ooet  simultaneous  increase  was  observed  at  Tutulla,  and  later, 
apparently  in  asscclaticn  with  the  atmospheric  wave  scoustic- 
type  dlstuxbance,  there  was  another  (6- fold)  increase.  A 
slisllar  (U-fold)  Increase  in  association  with  the  passage  of  ■ 
an  atmospheric  acoustic-type  wave  was  observed  at  Tutuila 
following  Xing  Fish. 
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The  objectives  of  this  project  (IMSA  Project  6.5c)  vere 
to  oibtaln  infonnatloa  oa  the  imaedlate  and  delayed  effects  of 
the  Fish  Bovl  detonations  on  the  ionosphere,  including  radio 
vave  absorption  and  changes  in  electron  density,  at  various 
distances  and  directions  froa  the  detonations,  using  vertical- 
incidence  lonosondes. 

lonosondes  vere  operated  at  seven  locations:  the  islands 
of  }<]aui.  Tern  (French  Frigate  Shoals),  Midway,  Wake  (for  Star 
Fish  only).  Canton,  Tutulla  (Anerican  Sanoa),  and  Tonga 
(Tongatapu).  Their  locations  and  distances  fron  Johnston 
Island  are  shown  in  Figure  1.  Other  lonosondes  were  operated 
at  Palmyra  by  Project  6.5A,  at  Johnston  and  Kuajaleln  by  6.^, 
and  at  Viti  Levu  and  an  aircraft  by  Project  3.10. 

Pi-eULminary  6.5c  results  for  Star  Fish  vere  reported  in 
Fish  Bovl  FOIR  2022  and  in  the  proceedings  of  the  August  31  - 
September  1,  I962,  DASA  Syn^siun  (page  I3I,  DASA  Data  Center 
Special  Report  3)«  Preliminary  results  for  the  fall  series 
were  reported  in  POIR  2022-1  and  in  IQS  Rept.  Ifo*  IQBI09,  to 
be  Included  in  the  proceedings  of  the  February  26-28,  I963 
DASA  Symposium.  (POR-2022  supersedes  POIR's  2022  and  2022-1.) 

The  lonosonde  is  a  radar-type  instrument  which  transmits 
short  pulses  (t^'plcally  ^0  microseconds  long  at  a  rate  of  60 
per  second )  as  the  radio  frequency  is  changed  cc  'tinuously  or 
in  short  steps  over  a  range  which  nay  begin  at  about  a  mega¬ 
cycle  per  second,  or  lower,  and  go  to  20  Me  or  higher.  The 
round-trip  travel  time  to  the  ionosphere  aisi  back,  recorded 
as  a  function  of  radio  frequency,  is  called  an  ionogram.  The 
travel  time  is  usiially  expressed  as  the  range  in  kilometers 
to  the  point  of  reflection,  or  rather  what  the  range  would 


12 

SECRET 


bave  been  bad  tbe  entire  trip  been  made  at  tbe  free-spaee 
veloeltT*  apparent  range,  or  virtual  height  (b* }  as  it 

is  called  on  tbe  lonograa  is  alua^rs  greater  than  the  actual 
height,  becatise  the  velocity  of  pulse  propagation  In  an  ionized 
nedlun  is  less  than  In  free  space. 

Tbe  wave  Is  reflected  at  the  height  where  tbe  refractive 
Index  beeooes  zero.  The  retractive  index  is  a  complicated 
function  of  the  wave  frequency,  the  electron  density,  tbe 
strength  of  the  earth's  imgnetlc  field,  and  the  frequency  of 
collisions  of  tbe  electrons  with  other  objects,  but  may  be 
thought  of  as  tending  toward  zero  with  increasing  electron 
density  and  tending  toward  unity  (tbe  frce-space  value)  with 
Increasing  wave  frequency.  Thus^  as  the  wave  progresses  i;q>ward 
Into  tbe  ionosphere,  the  refractive  Index  and  tbe  pulse  velocity 
decrease^  and  If  o  level  in  reached  at  which  the  refractive  Index 
becomes  zero,  the  pulse  velocity  also  becomes  zero,  and  tbe  wave 
Is  reflected.  The  higher  the  frequency,  the  higher  the  wave 
must  go  to  be  reflected.  Eventually,  the  height  of  maxinua 
density  is  reached.  Ibe  frequency  which  can  Just  reach  this 
height  Is  called  the  critical  fr  equency.  At  higher  frequencies 
the  wivc  penetrates  the  ionosphere  end  Is  not  reflected.  Snail* 
scale  Irregularities  in  the  ionosphere  (on  the  order  of  a  wave¬ 
length  in  size)  nay,  however,  produce  scatter  echoes  at  fre¬ 
quencies  extendlrq:  beyond  the  critical  frequency. 

The  presence  of  the  earth's  magnetic  field  causes  the 
Ionosphere  to  have  two  values  of  refractive  index  for  a  given 
wave  frequency,  depending  upon  the  polarization  of  the  wave. 
There  arc  nornnlly,  then,  two  echoes  for  each  wave  frequency, 
having  different  virtual  heights  and  different  reflection  levels. 
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Gbe  Is  eallei  the  ordlnaxy  wave  echo  and  the  ether  the  extra- 
ordlnuj  mm  echo,  hy  analogy  with  the  ordinary  and  extra- 
ordlzauy  wnea  of  hlrefrlngent  crystal  optics.  Thera  la  a  dif¬ 
ferent  eritieal  frequency  for  each  of  the  two  wares.  The  ordinary 
ware  critical  frequency  Is  the  sane  as  it  would  he  In  the  ahsenec 
of  the  m^etle  field.  At  frequencies  well  above  the  ftrequeney 
of  orratioB  of  free  electrons  In  the  aagnetle  field  ('n  the 
lonosjteic  tUs  varies  from  about  O.7  Me  near  the  equator  to 
about  1.6  K  near  the  magnetic  poles),  the  extraordinary  vave 
critical  ftequency  Is  greater  than  the  ordinary  wave  critical 
f^queney  by  about  one-half  the  electron  gyrofrecueney. 

At  ad^  the  ionosphere  consists  principally  of  a  single 
layer,  the  F-layer,  with  a  nlnlnua  height  near  200  to  250  kn, 
and  a  hel^t  of  ranxlimim  electron  density  In  the  vicinity  of 
300  to  kOOhs.  In  the  dsytlne,  uovevcrr,  the  Bua*s  rays  produce 
lonlzatioi  at  lower  heights,  and  the  result  Is  .tn  S-layer,  with 
ttwtIim  dsBSlty  near  120  kn,  and  often  an  interaedlate  layer 
near  200  kn.  If  the  latter  Is  present.  It  Is  called  the  Fl-layer, 
and  the  icealnder  of  the  F-layer  is  called  the  ?2'lByer.  The 
TOxlnoa  densities,  and  therefore  the  critical  frequencies,  of 
the  £-sod  II* layers  are  usually  less  than  that  of  the  F2- layer. 

The  nlidiA  F-lsyer  Is  considered  to  he,  at  least  la  pert,  a 
remnant  of  the  daytlne  F2'‘layer.  The  nl^it  layer  Is  therefore 
sonetlnes  referred  to  as  the  F2- layer  even  though  the  Fl-12 
hlfureatlos  Is  not  apparent.  Idkevise,  an  unresolved  daytias 
F-layer  Is  usually  referred  to  as  the  F2* layer.  The  critical 
frequencies  associated  with  the  various  layers  are  designated 
by  the  syAdls  foE,  foFl,  foF2  for  the  ordinary  wave,  and  fttE, 
fiKl2  for  the  extraordinary  wave. 
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Ihe  exact  expxesslac  for  the  refnctive  Index  In  the  pres* 
enee  of  collisions  and  a  taagnetle  field  Is  quite  eoefillcated 
and  will  not  be  discussed  here.  However,  In  the  absence  of 
collisions  and  oaenetlc  field,  the  refkaetlve  Index  n  Is  given 
by  the  sisiple  expression 


a*  -  1  -  81  K  10*  N,  r* 


(1) 
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where  Is  the  electron  density  per  co  and  f  Is  the  wave  fre¬ 
quency  In  cycles  per  second..  In  the  presence  of  collisions  and 
magnetic  field.  It  Is  still  a  good  approximation  If  the  collision 
frequency  and  the  gyrofrequency  are  both  much  less  than  the  wave 
frequency.  Since,  at  reflection,  the  ordinary  wave  Is  unaffected 
by  the  magnetic  field,  and  In  the  F2*  layer  the  eolUslon  fre¬ 
quency  Is  quite  small,  the  caxlmin  electron  density  If  of  the 

F2- layer  Is  given  exactly  by  In  Equatioa  1  If  the  ordinary 

wave  critical  frequency  foFS  Is  substituted  for  f  and  n  is  equated 
to  zero.  Thus: 


0  «  1  -  81  K  10*  (foWr* 


or 


^max  “  (foW/^ 


(2) 
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TAxler  conditions  in  vbleb  E^mtlon  1  Is  Tslid,  -tbe 
velocity  U  of  s  pulse  of  vsves  (tbe  groiq>  velocity)  is  given 

toy 


TJ  >  en 


(3) 


vbere  e  Is  the  ft^-spsce  velocity  (  velocity  of  U^it  ),  snd 
n  Is  tbe  refrsetlve  Index  given  by  Eqpstlon  1  •  Ihls  relstloo^ 
ship  Is  s  good  spproxlastlon  In  tbe  Ionosphere  for  waves  well 
above  tbe  gyrofrequency.  Tfau^U  Is  alvnys  less  than  or  equal 
to  e, because  n  Is  always  less  than  or  equal  to  unity*  The 
virtual  height,  which  Is  equal  to  the  Integral  of  e/D  over  tbe 
path  fron  the  ground  to  the  level  of  reflection.  Is  thus  always 
greater  than  or  equal  to  tbe  real  hel^it* 

In  addition  to  tbe  critical  frequencies  and  tbe  virtual 
heights  of  tbe  echoes,  an  Important  readily  observed  Indicator 
of  conditions  In  the  ionosphere,  ard  In  partic\dar  of  dlstuxh- 
ances  caused  by  nuclear  detonations.  Is  tbe  nlninun  echoing 
frequency  on  the  lonogran  which  is  designated  by  tbe  nyuhol 
f-nln.  Becaxtse  Ionospheric  absorption  tends  to  be  Inversely 
related  to  tbe  wave  frequency,  and  even  in  the  absence  of  ab¬ 
sorption  the  echo  strength  tends  to  decrease  with  decreasing 
frequency, especially  at  the  lover  frequencies,  as  a  result  of 
decreasing  efficiency  of  tbe  antennas,  an  increase  in  absorption 
tends  to  Increase  f-mln. 

Since  absorption  takes  place  nalnly  In  and  below  tbe  E- 
layer  (tbe  D- region)  where  the  electron  collision  frequency  Is 
greatest,  an  Increase  In  f-min  is  usually  Indicative  of  an 
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Increase  In  electron  density  in  the  >  region.  As  the  ionosonde. 
is  not  readily  calibrate  to  ^ve  absolute  values  of  ahsarption 
in  term  of  f-mln,  only  relative  values  of  the  changes  in  ab« 
sorption  are  given  by  the  changes  in  f-nin. 

Rreqaent  reference  will  he  made  to  bonb-generated  traveling 
dleturbanees  ,  which  bring  about  eeitain  changes  in  F2-layer 
critical  frequencies  and  virtual  heights  and  nay  cause  stratifies* 
tion  of  the  layer,  naturally  occurring  large-scale  traveling 
dlstuxbencea  and  their  effects  on  the  F- region  have  been  known 
for  years  (Reference  5).  They  travel  with  velocities  of  5  to 
15  kVtdnute,  and  are  thought  to  be  gravity  waves  (Reference  6) 
involving  transverse  (vertical)  displacements  like  ocean  waves. 
The  bodb-generated  disturbances  travel  much  fester »  (^0  ki^ 
minute  and  faster ),  although  the  speed  decreases  systematically 
with  distance  froc  the  source  (Reference  7)*  These  speeds  are 
more  like  acoustic  speeds,  so  these  disturbances  may  have  more 
the  character  of  acoustic  shock  waves  than  of  gravity  waves. 

Their  nature  is  not  yet  well  understood. 
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rsccEi'jra: 


Cpei'Bt'.jn  c;’  t  he  lonosondes  was  begun  several  weeks  prior 
-o  ;'tar  r’irh.  and  again  in  the  fall  several  weeks  before  Chock 
:‘ate.  A  copy  of  the  lonograiss  for  the  periods  indicated  below 
was  vleposlted  in  the  DASA  Data  Center.  The  beginning  and  end¬ 
ing  tlrses  and  dates  (G^tP)  were  0001  July  U  to  2359  July  lU  for 
uil  stations,  and  0001  October  15  to  2359  Nov  10  for  Maul 

"  "  to  2030  Nov  5  for  Tern 

"  "  to  0815  Nov  5  for  Midway 

"  "  to  1810  Nov  6  for  Canton 

"  "  to  2359  Nov  6  for  Tutulla 

"  "  to  2359  Nov  6  for  Tonga 

Note,  however,  that  tines  and  dates  printed  on  the  ^hui  film 
are  in  I50*  V;  tine. 

Except  for  a  period  of  hours  beginning  Just  before  each 
shot,  lonograr.s  were  iraule  at  15-nlnute  intervals  around  the 
clock.  The  tine  i*equlred  for  each  ionogram  was  15  seconds, 
except  at  :'aul  where  the  tine  was  30  seconds  during  the  fall 
series,  beginning  10  minutes  prior  to  each  of  the  detonations, 
the  lonosondes  were  progranned  to  run  continuously,  sweeping 
thro’jgh  the  full  frequency  range  in  a  period  of  15  seconds 
(except  at  I'aui  where  the  period  was  30  seconds  during  the  fall 
series).  This  :node  of  operation  was  continued  for  several  hours, 
at  which  time  the  frequency  of  observation  was  reduced  to  five- 
minute  intervals  followed  at  a  Inter  time  by  observations  at  the 
usval  15-nlnutc  intervals. 

Virtual  height  calibration  markers,  generated  from  time 
division  circuits  synchronized  with  the  transmitted  pulse,  are 
photographed  along  with  the  echo  returns  and  show  on  the  photo- 


18 


SECRET 


graphic  records  as  borlzootal  lines  at  IOO-Iod  rlrtiial  range 
Intervals^  Frequency  lauiwrs,  ^rtilcta  are  generated  by  cireulta 
ttsied  at  one  aegaeyele  intervals,  are  prodiiced  oo  tbe  lonograa 
records  as  the  transnittei  frequency  sve^s  throu^  eeeb  Integral 
negacyele.  The  lencspberle  peuraneters  f-nin,  virtual  height  h*, 
and  tbe  critical  frequencies  are  scaled  fron  projected  enlarge¬ 
ments  of  the  fUn  record  and  are  usually  accurate  to  vlthln  a 
few  percent* 

For  reference,  the  types  of  lonosondes  and  tbe  general 
clmracterlstles  of  the  group  are  given  below. 

ICype  02  Ionospheric  sounder  at  Midway  and  Tonga 
Ijrp*  C-3  Ionospheric  sounder  at  Canton  Island 
Typa  C-li  Ionospheric  sounders  at  Haul,  Tern  (FVeneb  Fkdgate 
Shoals),  Wake,  and  Tutulla 
Pu^  characteristics; 

About  15*kw  peak  pulse  power;  pulse  length  approxljiately 
50  nleroseeonds;  pulse  repetition  f^requency  normally  60 
per  second;  recording  range  nominally  0  to  700,  0  to  1,000, 
or  0  to  1,400  km. 
noolna^ftrequracy  coverage: 

0.25  to  20  Me  at  Maul  and  Tern  (French  Frigate  Sboala), 

Wake,  Canton,  and  Tutulla;  1.0  to  25  Me  at  Midway  and  Tonga. 
Records  are  linear  In  time,  logarltbmle  In  frequency. 

Antenna: 

Delta-type  antenna  directed  vertically;  beamwldtb  varies 
from  aiproadmately  30^  to  6o*’at  ^-power  point  as  frequency 
Is  varied. 

Sweepjtjte: 

15  seconds,  except  at  !1aul  where  it  vas  30  seconds  In  tbe 
fell  series. 
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Ite  memej  of  the  frequency  oeilcers  for  the  C«2^  03* 
mod  04  Seeaecndes  Is  equel  to  or  tetter  than  0.1^  It  Is 
teaed  ob  »  l~lte  exystsl  oselllstor.  The  osciUstors  for  Fish 
SowQ.  Here  chfclrefl  In  the  laboratory  prior  to  setting  up  the 
stations.  Cheeht  were  nade  In  the  field  against  WUVH,  the 
latloaal  iBeea  of  Standards  Tine  and  Frequency  station  lo> 
cated  on  ftel,  lawall. 

The  hei^t  aaricer  oscillator  In  the  C-4  ionosondee 
has  aa  aeeataey  equal  to  or  better  than  0.02j(.  It  Is  based 
on  a  300l>^f*  temperature-controlled  crystal  oscillator.  The 
height  — *— •  oscillator  In  the  C-2  and  C-3  ionosondee 
Is  not  eijelsl  controlled  but  Is  coopered  with  a  crystal  oscll- 
lator  at  rtgUmr  Intenmls.  The  accuracy  of  the  crystal  con¬ 
trolled  teat  etalpnent  was  equal  to  or  better  than  0.1^ 

Qa  C-3«  and  C-U  JLooosondes  the  proper  adjustneot 
of  the  graad  pulse  on  the  zero-kn  height  naxfcer  la  set  nan- 
mlly  asi  cheeked  ]>botographlcally  on  the  lonograas  through 
the  use  ef  a  built-in  ground  pulse  Interrupter. 
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nie  results  presented  are: 

(a)  a  grotQ)  of  selected  lonograms  for  station  and 
event  for  vbleb  significant  effects  *iiere  observed, 
each  group  characterlstlcalljr  eccrtstlng  of  tbe 
lonograns  mde  Just  prior  to,  at  tbe  tloe  of,  and 
at  one  or  more  significant  tliaes  fsHovlng  tbe 
detonation. 

(b)  plots  of  F-layer  critical  freiuesicles  and  f-min 
versus  tine  from  H  •  10  minutes  ts  H  3  hours, 

(e)  plots  of  F-layer  virtual  helots  at  several  fre¬ 
quencies  as  a  function  of  tine  free  H  -  10  sdnutes 
to  B  3  hours, 

(d)  f-plots  for  a  four-day  period  ’begfislcg  tbe  day 
hefore  each  event. 

In  addition  there  are  two  figures  showing  tbe  tine  variation 
of  tbe  virtual  range  of  new  echoes  on  tbe  ?=tulla  and  Tonga 
lonograns  resulting  from  Star  fish. 

Tbe  narrative  description  of  the  results  Is  oreanlzed 
by  event  In  chronological  order,  and  by  statlai  for  each  event 
in  the  order  Miul,  Tern,  Midway,  Wake,  Cantfc,  TutuUa,  Tonga. 
V/ltb  a  few  exceptions,  tbe  graphical  results  are  presented  In 
the  sane  order  (see  list  of  figures  In  the  tails  of  contents). 
All  dates  and  tisns  In  tbe  text  and  on  the  flr^s,  other  than 
times  referred  to  detonation  (h)  time,  are  In  rr.  An  exception 
Is  the  l^O^W  date  and  time  that  appears  alorr  the  right-hand 
edge  of  each  Maul  lonogran,  which  was  placel  os.  tbe  original 
film  at  the  tine  the  lonogram  was  made. 

The  f-plot  needs  special  explanation.  It  Is  a  graph 
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showing  the  dlvirnnl  variation  of  certain  ebaraeteristle  Are» 
quencles  on  the  Icnograa,  Including  the  critical  frequencies 
and  f-oin,  according  to  internationally  adopted  conventions. 

It  Is  a  very  'isefhl  tc-chnlque  for  showing  the  houx^to-hour 
variations  of  sooe  In^rtant  Ionospheric  chancterlstles.  A 
description  of  f-plot  conventions  and  syobols  is  given  In  the 
Appendix. 

The  reminder  of  this  section  will  be  devoted  to  a  de« 
scrlptlon  of  the  effects  at  each  station  of  each  shot. 

Star  Fish,  Maul. 

Ihe  detonation  occurred  at  11  FM  local  tine  at  the  Mtul 
location.  At  this  tine  the  F-reglon  was  e^^rlenelng  its  nor* 
nal  late*  evening  decline  In  naxlnun  electron  density,  ^rp^cal 
values  for  this  tine  of  day  are  between  5  snd  6  He  for  foP2, 
while  f>nln  Is  normally  about  O.U  Me  and  quite  frequently 
sporadle-E  Is  also  observed.  The  sounder  was  sweeping  throu^ 
about  5  Me  At  the  tine  of  the  detonation.  Figure  2X  shows  the 
last  nomal  sounding  taken  Just  prior  to  detonation.  MultliCLe 
reflections  froo  the  S-and  F-reglons  are  clearly  observe^  and 
this  along  with  the  low  value  of  f-nln  indicate  that  low  night* 
tine  absorption  conditions  in  the  Ionosphere  prevailed.  Figure 
2B  shows  the  lonogran  made  at  the  tine  of  detonation  and  It  nay 
be  seen  that  echoes  Insediately  cease  at  9  seconds  after  the 
hour  (indicated  hy  the  white  timing  dot  at  top  edge  of  the  Icoo* 
gran)  and  cooiplete  blackout  aets  in.  In  the  right-hand  portion 
of  this  lonogran  it  may  be  seen  that  noise  and  Interference  as 
well  as  vertical  Incidence  echoes  are  completely  ellnlnatad. 

4r  %% 

The  term  blackout  Is  used  to  Indicate  the  absence  of  echo  return 
on  the  lonogran.  Figure  2C  shows  the  lonogran  nade  2^-  nlnutcs 
later.  Faint  echoes  are  visible  Just  below  ^  I4e,  but  at  greater 
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▼irtual  belgbts  than  the  pre-shot  echoes  at  the  sans  fire- 
queoeles.  This  is  helleved  to  he  additional  retardation 
caused  hy  new  ionization  formed  in  the  Z-reglon.  Figure  2D 
is  an  ionograa  nade  24  minutes  after  the  detonation*  Ahsorp- 
tloo  is  still  considerable^  and  the  critical  frequency  has 
decreased  to  a  value  less  than  U  Me.  Figvure  2S  is  an  ionograa 
nade  one  and  a  half  hours  after  detonation  and,  except  for  lower 
then  normal  critical  frequencies,  represents  a  rather  normal 
ionosphere. 

Figure  3  shows  the  changes  in  f-edn,  fo!2  and  ftcF2  at 
Maul.  Total  blackout  lasted  for  a  period  of  about  105  seconds; 
i.e.,  f-adn  exceeded  5*5  Me  ^or  this  length  of  time.  Following 
blsiekout,  the  value  of  f-mln  decreased  approximately  erqjtooen- 
tlally  with  a  decrement  coefficient  of  about  15  minutes*  As 
shown  in  Figure  4,  it  continued  to  decrease,  with  fluctuations 
for  several  hours.  Also  in  Figure  3  it  nay  be  seen  that  the 
F«layer  critical  frequencies  decreased  rapidly  starting  at 
approximately  H  >  10  min.  The  value  of  foF2  decreased  froa 
a  pre-shot  value  of  5  Me  to  2.5  Me  within  3$  minutes  of  the 
explosion,  which  corresponds  to  a  reduction  in  electron  density 
by  a  factor  of  4.  The  normal  rate  of  decrease  in  ionization 
density  at  this  time  of  day  is  much  slower*  The  F-region  crit¬ 
ical  frequency  remained  near  this  low  value  until  sunrise  (see 
Figure  4). 

The  upper  part  of  Figure  25  shows  for  Miui  the  variation 
of  virtual  height  at  selected  frequencies  on  the  same  time 
scale  as  the  frequency  plot  in  Figure  3*  The  variations  fol¬ 
lowing  the  shot  are  mainly  the  result  of  changes  In  f-min  and 
in  the  electron  density  of  the  layer  and  attendant  changes  in 
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height  of  reflectloo  and  retardatioo.  Thus,  the  gap  of  10 
rdnutes  foUcving  the  shot  resulted  because  f-znln  exceeded  the 
highest  frequency  plotted  (3  Me)  during  this  Interval*  Sid>« 
sequent  breaks  In  the  3-Me  curve  resulted  froo  the  decrease  of 
foF2  below  3  Me,  and  the  variations  of  the  2-Me  curve  are  prl> 
rarlly  the  result  of  foF2  variations  with  attendant  changes  la 
virtual  hel^t  as  veil  aa  height  of  reflection  at  2  Me* 

In  Figure  U  are  f-plots  covering  the  four-day  period 
beginning  the  day  before  the  Star  Fiah  shot*  It  is  note* 
worthy  that  f-nln  rose  to  exceptionally  high  values,  5  Me, 
near  local  noon  following  the  shot*  The  usual  noon  value 
Is  laore  like  2  Me.  Higher  than  nomal  values  also  occurred 
near  noon  on  July  10.  F-region  critical  frequencies  appear 
to  have  been  normal  after  sunrise  on  July  9*  Ibe  "C"  in  the 
f-plot  for  July  8  refers  to  eq\ilpoent  outage;* 

Star  Fish,  Tern. 

Figure  3A  shows  the  last  sounding  taken  at  Tem  Just 
prior  to  detonation.  Strong  multiple  reflections  from  the 
£-and  F-reglons  were  recorded  as  a  consequence  of  the  low 
ionospheric  absorption  at  this  time  of  night*  Figure  9B 
shows  the  ionogram  which  was  being  made  at  the  time  of  detona¬ 
tion*  Coiqplete  blackout  occurred  promptly*  Total  blackout 
was  -^ibserved  for  approximately  8$  minutes.  Weak  spread  echoes 
then  followed  as  shown  in  lonograms  and  D  made  at  H  9^ 
minutes  and  H  *  l60  minutes,  respectively*  Considerable  spread-F 
was  recorded  during  the  remainder  of  the  night  as  exeapllfled 
in  ionogram  made  about  5  hours  after  the  detonation* 

Figure  6  shows  the  changes  In  the  ionospheric  character¬ 
istics  for  the  three-hour  period  following  the  detonation. 
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vblle  Figure  7  ebowe  a  four-day  sequence  of  f-plots«  After 
recovery  trm  the  blackout,  f-niln  slowly  decreased,  returning 
nearly  to  nomal  by  about  YL  *  ^  hours*  At  sunrise,  the  ecnhl» 
nation  of  low  critical  frequencies  and  Increasing  f-mln  resulted 
In  another  period  of  blackout*  Hi^  values  of  f-min  persisted 
througbout  the  daylight  hours  of  July  9»  hut  daylight  values 
on  July  10  and  11  were  only  slightly  above  nomal  values* 

After  sunrise  on  July  9»  K  critical  frequencies  were  normal* 

Because  of  the  long  blackout,  no  virtual  height  variations 
are  presented  for  this  station* 

Star  Fish*  Midway* 

At  Midway,  prior  to  the  detonation,  f-ciln  was  below  the 
lower  Halt  of  the  recorder  (1  Me)  which  was  normal  for  the 
hour;  foF?  was  varying  In  about  the  scene  manner  as  on  the  pre¬ 
ceding  day,  decreasing  slowly* 

Socqile  lonograas  for  Midway  for  the  period  of  Interest 
are  shown  in  Figure  8*  lonogran  A  In  Figure  8  shows  the  last 
full  sweep  before  H  »  0*  In  the  following  lonogram,  B,  H  =  0 
occurred  just  as  the  frequency  reached  3  >d!*  The  resulting 
hlarko>.»t  occurred  instantly  and  lasted  8-|  minutes  followed  by 
a  gradual  recovery*  lonogram  C  at  0909  GMT  shows  an  early 
stage  of  the  recoveiy*  By  O917  the  critical  frequencies  were 
clearly  seen,  as  shown  In  Figiure  8D. 

Shortly  after  recovery  began,  foFS  was  about  the  same 
as  the  pre-shot  value  (Figure  9)*  Thereafter,  there  was  a 
small  Increase  from  about  k.9  Idc  to  9*6  li:  by  about  O91C  GMT, 
followed  by  a  steady  decrease  to  an  abnormally  low  value  of 
about  2*9  Me  Just  before  0935  when  a  second  blackout  of  2|- 
mlnutes  duration  occurred* 
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fbllovlng  the  second  hlaekout,  foF2  gxm&imlly  Inercued 
over  Vie  next  60  minutes  or  so  to  about  1^*0  Me  vblch  Is  about 
tinnMl  for  the  hour. 

^orsdlc-E  (rs)  of  a  non-hlanketlng  type  'vas  pradnent 
bp  bOBO  CMT  as  seen  in  Figure  6H,  and  hj  1110  GMT  this  beease 
blamketlng  and  obscured  the  F>layer  as  shown  In  lonograa  SX. 

A  eoaslderable  amount,  of  spread-F  vas  evident  throu^wut  the 
reminder  of  the  night  as  exes^lifled  in  lonc^raa  8j. 

Tirtual  height  variations  for  Midway  at  2  and  3  Me  are 
ahoMi  In  the  middle  part  of  Figure  25*  As  in  the  case  of  the 
extmes  for  Maui  in  the  upper  part  of  the  figure,  the  virtual 
hel^d  variations  are  primarily  the  result  of  variations  in 
foI2  with  attendant  variations  in  virtual  height  and  hel^pit 
of  reflection. 

The  f-plots  of  Figure  10  shew  the  Icnger  tern  behavior 
of  the  lonosphcK  from  the  pre-shot  day  of  B  July  to  11  Jbly. 
Beginning  about  l|  hours  after  sunrise,  Area  about  IB30  to 
2130  GMT  on  July  9>  snd  again  Area  0000  to  O3OO  CMT  on  10  July, 
bladDout  prevailed.  This  possibly  indicates  the  arrival  of 
detels  at  Midway. 

Following  the  initial  blackout,  f-min  decreased  steadily 
but  never  reached  normal  values  that  night  (Fig.  9}»  sod  vas 
ahoosnslly  high  throughout  the  following  daylight  period, 
tniereaficer,  it  behaved  normally. 

Star  Wsh,  Wake. 

Critical  frequencies  and  absorption  in  the  Icnospbere 
were  norsal  for  the  time  of  day  at  Vakc  preceding  the  shot. 

The  eritleel  frequencies  were  decresrlng  slowly,  although 
occasional  Increases  were  not  unusual  at  this  hour. 

The  lonograms  of  Figure  11  show  the  effects  of  the  shot. 
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following  tbe  shot,  f-nin  bad  already  dro^iped  to  about  l.$ 

Me,  after  vbich  It  decreased  very  slowly,  reaching  pre-shot 
values  Just  before  sairise> 

Since  at  f-nin  did  not  exceed  the  critical  fireqpeney, 
and  returned  to  below  2  Me  almost  inoediately,  there  Is  an 
almost  eooQJlete  record  of  the  changes  in  the  virtual  heights 
at  all  frequencies  ftoB  2  Me  to  tbe  critical  frequency*  Hms, 
the  lover  part  of  Figure  25  shows  tbe  inmediate  increase  la 
retardation  eau«ed  by  the  formation  of  lonizatlcn  below  tbe 
F2“layer.  Except  et  2  Me,  retittn  to  pre-shot  virtual  heights 
took  place  quickly,  in  about  7  minutes  at  3  Me,  and  in  less 
tine  at  tbe  higher  frequencies.  The  remaining  variations  are 
primarily  the  result  of  critical  frequency  variatiens  and  at¬ 
tendant  changes  in  reflection  height  and  retardation. 

The  f-plots  for  9  July  in  Figure  13  shows  the  slow  de¬ 
crease  of  f-min,  and  a  rise  to  sbnornally  high  values  follow¬ 
ing  sunrise.  Absorption  was  only  slightly  above  norsal  during 
the  sunlight  period  on  tbe  following  two  days.  These  plots 
also  show  that  F-region  critical  frequencies  were  lower  than 
usual  during  tbe  reminder  of  the  night  after  the  e]q>losioD. 
Star  Fish.  Caatca. 

Tbe  lonospbere  at  Canton  appeared  to  he  undisturbed 
prior  to  tbe  detccation*  Tbe  critical  frequencies  and  f-oln 
were  about  norcal  when  eon^tared  with  the  medians  for  tbe 
preceding  22  days.  Slow  variations  in  critical  frequency  of 
about  1  Me  were  sot  unusual  at  this  heur.  At  0900  (30^  foF2 
was  nearly  constsrt  or  decreasing  slowly  on  ncnaal 

Figure  1^  is  tbe  last  complete  lonogram  before  the 
shot.  Tbe  shot  took  place  halfway  through  tbe  next  ionogran. 
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BlaeXout  onset  vbs  Instantaneous  and  lasted  over  s  nlnute« 
Interference  Troa  distant  stations  also  vanlsbed  Instantane* 
ously.  Figure  lUC  Is  the  first  iotragra  showing  an  echo  after 
the  blackout. 

Shortly  after  the  blackout^  the  laMgrains  took  on  the  ap> 
pearance  of  daylight  ionograns  (e.g.  iM)}.  lonogram  E  In  Figure 
Ik,  nade  at  H  30  minutes,  shows  an  early  stage  of  the  form- 
tlon  of  spread  echoes  which  obliterated  normal  echoes  later  on. 
It  should  be  pointed  out,  however,  that  spread  echoes  normally 
occur  at  this  time  of  night  at  Canton. 

As  shown  in  Figure  15,  the  critical  frequency  (onl  '  .oF2 
was  scaled)  following  blackout  remained  at  the  pre-shot  value 
for  about  7  minutes.  It  then  increased  rapidly  to  val\ies 
higher  than  normal  daytime  values,  eorrespondlng  to  an  Increase 
In  electron  density  In  excess  of  2  tlaes.  Following  this  in¬ 
crease,  foF2  fell  off  steadily  until  about  H  60  minutes  and 
thereafter  could  not  be  scaled  accurately  because  the  echo  was 
diffuse  and  spread.  Maximum  observed  ftequencies  of  echo  re¬ 
turn  are  plotted  thereafter.  The  spread  echoes  were  abnormal 
in  that  there  was  considerable  horizontal  stratification  with¬ 
out  any  Indication  of  tum-\q>  at  the  — freqxiency  of  echo 
retiun.  Ibis  spread  condition  persisted  wtll  sunrise  after 
which  time  echoes  appeared  nomal. 

The  value  of  f-mln  decreased  rapidly  following  the 
blackout,  but  leveled  off  after  about  H  15  minutes  at  values 
well  above  the  pre-shot  values.  Boraal  values  were  reached 
at  about  H  >  80  minutes.  In  the  following  two  nights  (Figure 
16}  f-min  was  higher  thw  nomal.  The  values  of  f-mln  for 
8  July  are  very  near  the  median  level  for  the  22  days  pre¬ 
ceding  the  detonation  (not  shown  In  figures). 
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Perhaps  because  Canton  is  near  the  magnetic  dip  equstor, 
the  virtual  height  variations  shorn  In  the  upper  part  of  Figure 
26  cannot  be  attributed  mainly  to  variations  In  the  critical 
frequency,  as  in  the  ease  of  Maul,  Mldvay,  and  Vake  In  Figure 
25.  The  initial  Jung)  at  all  frequencies,  foUovlng  the  brief 
blackout,  is  the  result  of  Aresh  Ionization  formed  ednost  in* 
stantaneously  belov  the  prc'Shot  F2  la7er>  The  new  Fl-lgyer 
thus  formed  seemed  to  lift  up  and  merge  with  the  old  layer 
while  both  continued  to  increase  in  height  for  a  cox^le  of 
hours. 

Star  Fish,  Tutuila. 

Normal  quiet  ionospheric  conditions  prev(d.led  at  Tutuila 
prior  to  the  shot .  At  0900  CMT^  foF2  was  normally  constant  or 
slowly  fluctuating*  The  minimum  frequency  at  Which  echoes 
were  observed  was  0.23  Me,  the  lower  frequency  limit  of  the 
lonosonde. 

The  last  complete  ionogram  prior  to  detonation  is  shoMa 
in  Figure  I7A.  The  next  ionogram,  B,  shows  a  sudden  interrup* 
tion  of  echoes  at  H  >  0.  In  the  next  Ionogram,  C,  echoes  ap> 
pear  in  the  vicinity  of  12  to  lU  Me  at  virtual  heights  less 
than  200  km. 

lonograms  D  and  E  show  the  further  development  of  the 
shot-induced  layer.  The  echoes  appear  at  an  unusially  low 
virtual  height  and  at  first  seem  to  have  some  of  the  appsar- 
ance  of  oblique  sporadlc-E  echoes.  However,  as  tie  echoes 
develop,  the  character  changes  to  that  of  a  normal  F-laycr 
and  shows  in  ionogram  E  made  at  H  3*75  minutes  a  second 
order  reflection.  The  fact  that  the  second  order  echo  occurs 
at  almost  exactly  twice  the  time  delay  of  the  main  echo  indicates 
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ttet  the  echo  Is  a  vertical  rather  than  an  cibllque  rcfleetlnu 

The  variation  in  the  value  of  the  ■aximum  observed  Are- 
quency  is  shorn  in  Figure  18.  This  plot  shows  a  sudden  rise 
in  the  value  of  the  naxioua  frequency  at  H  >  0  followed  • 
decrease  to  near  nomal  values  at  H  ■*’  20  alnuteB.  This  wes 
followed  by  an  Increase  to  a  naxlnum  around  lb  Me  at  H  ^ 
■inutes  and  a  second  decrease  to  a  alnlii  by  about  H  110 
sdautes.  Thereafter,  as  seen  In  the  f-plota  of  Figure  19#  the 
echo  becooes  very  diffuse.  At  sunrlse^there  Is  a  general  return 
toward  nomal  with  somewhat  lower  than  nomal  critical  frequen- 
cles  in  the  morning. 

The  value  of  f-min  increased  sharply  at  1  ■  0#  then  dropped 
rapidly  for  about  10  minutes,  after  Which  there  was  a  slow  de¬ 
crease  for  about  two  hours,  leveling  off  at  about  1.2  Me  eoa- 
parcd  to  a  value  of  less  than  0.25  Me  throu^  the  hours  of 
daitness  prior  to  detonation.  The  f-ain  was  also  somewhat 
above  normal  throughout  the  dayli^  hours  of  July  10  and  11. 

The  virtual  heights  of  various  layers  show  some  Interesting 
aspects  and  are  shown  in  Figure  20.  These  heights  were  scaled 
in  the  usual  manner  as  minimum  virtual  heights  without  regud 
to  frequency.  F-layer  virtual  heights  at  fixed  frequencies 
are  shown  In  the  lower  part  of  Figure  2d.  Befe'rrlng  first  to 
Figure  20,  prior  to  H  >  0  the  sporadle-B'snd  F^layer  heights 
at  about  90  and  260  km,  respectively,  wore  constant.  At  ■  « 

O^tbe  two  layers  were  momentarily  blacked  out  hy  the  high  Wb- 
sorptlon,  after  which  a  new  layer  appeared  with  a  virtual  bel^it 
of  135  km.  The  virtual  height  Increased  tram  135  to  320  km 
In  20  minutes.  The  virtual  height  decreased  to  200 
km  by  H  >  60  minutes  and  varied  only  slowly  for  Boae  time  there¬ 
after.-  This  layer  renaiitcd  well  defined. 
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At  I  20  nlnutei  a  diffuse  layer  appeared  at  a  rlrtual 
belckt  of  600  kn  which  decreased  rapidly  to  U20  ka  in  alnutea. 
It  wa  not  aeen  thereafter.  An  additional  weak  layer  appeared 
at  I  4  32  niiiutes  and  returned  echoes  for  oore  than  20  aeeonds. 
Oeraainnal  transient  layers  were  cbserved  froa  tlae  to  tine. 
Sporadie-B  layers  were  Intermittently  seen  after  H  Ii6  minutes 
hut  were  weak  and  not  persistent. 

Figure  26  (lower  part)  shows  the  sudden  appearance  of 
echoes  at  frequencies  well  above  those  before  the  shot,  at 
svbstamtlally  lower  virtual  helots.  The  highest  frequency 
scaled  for  this  figure  was  Ik  Me,  but  echoes  appeared  at  fre¬ 
quencies  well  above  this  in  the  first  two  or  three  sdnutes 
(Flgatcs  17  and  18).  Bere  again,  as  in  the  ease  of  Canton, 
the  variations  of  the  virtual  hel^t  curves  cannot  he  wholly 
e^qilained  in  terms  of  critical  frequency  variation.  There  was, 
in  addition,  substantial  variations  of  the  height  of  the  layer 
as  a  i*oIt. 

The  new  layer  was  formed  almost  instantaneously  at  ab- 
noraally  low  heights.  Theivas  the  ionizing  source  strength 
deersased  rapidly,  or  vanished,  recochination  quickly  ate 
awy  tie  lower  part  of  the  layer,  causing  the  rapid  increases 
in  virtual  heights  until  about  B  20  minutes.  Some  retardation 
contrlknted  to  the  Increases  after  about  H  10  minutes  as  the 
critical  frequency  was  then  down  to  10  Me  and  lover,  reaching 
apprcsdnately  pre-shot  values  by  about  H  ^  iS  zslnutes. 

Thereafter,  the  critical  frequency  increase*^  and  virtual 
heights  decreased  as  a  traveling  disturbance  began  to  arrive. 

Ae  heights  continued  to  decrease  after  the  maximum  critical 
frequency  associated  with  the  disturbance  had  passed. 
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from  the  layers  discussed  above  vere  observed. 

Virtual  heights  at  fixed  frequencies  are  not  presented 
for  Tonga. 

Figure  23  shows  the  Tonga  f-plcts.  At  sunrise  fhlloidng 
the  shot,  f>Bln  Increased  to  and  remlned  at  higher  than  noxml 
values  throughout  the  daylight  hours  of  9  July.  Coly  slightly 
higher  absorption  occurred  during  the  daytlne  on  10  Jhly.  Fol¬ 
lowing  sunrise  on  9  Jhly^the  ?-reglon  critical  frequency  behaved 
nomally. 

Check  Mate,  .%ul. 

Figure  shows  the  pre-shot  lonograa.  The  ejqploslon 
took  place  as  the  lonosonde  passed  O.3  Mo  on  the  next  (O63O 
GMT)  lonograa,  Figure  27B.  There  vas  an  Instantaneous  thou^ 
barely  perceptible  decrease  In  noise  and  Interference  In  the 
next  100  kc  or  so  (coopare  Figure  27B  with  Figure  27A),and  the 
decrease  was  very  noticeable  below  0.^  Me  in  the  following  swe^ 
minute  later  (compare  ^Igure  27C  with  27B  and  27A). 

A  faint  sporadlc-E  echo  at  100  kn  between  about  0.5 
0.6  Me  in  Figure  27A  does  not  show  In  Figure  273  and  did  not 
reappear  until  about  H  ll»  eUnutes.  It  seems  likely  that  the 
disappearance  was  caused  by  Increased  absorption,  but  because 
of  the  variability  of  sporadlc-E  Itself,  the  return  of  the  echo 
Indicates  only  the  upper  Holt  of  the  duration  of  the  absorption. 

Near  noon  the  next  day  (Figure  29),  the  absorption  vas 
somewhat  higher  than  usual,  but  a  similar  thing  occurred  near 
the  noon  preceding  the  shot.  An  unusual  fuzziness  of  the  F- 
region  echoes  also  occurred  near  the  following  noon. 

A  slight  Increase  in  the  72  critical  frequencies  lasting 
about  five  minutes  started  abo^  H  ^  2U  minutes  (Figure  26), 
suggesting  the  passage  of  a  shot-generated  traveling  disturbance. 
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Pluaage  of  the  distuxtanee  is  also  Indicated  the  slight 
deexvase  in  virtual  height  at  3  He  hetveen  H  20  alnutes  and 
H  *  3P  In  the  Octoher  20  section  of  Figure  87.  Other- 

vis^  there  vss  little  to  suggest  may  effect  of  the  e^losion* 
Cheelt  Ifcte.  Tenv» 

At  the  time  of  Shot  Check  H&te,  lonosidKrie  conditions 
appeared  to  he  near  noxical  with  nultiple  F-lajrer  echoes  and  an 
E-lnyer  *<•>»**  as  shown  in  Figure  3QA.  the  shot  occurred  at  about 
10  Ve  on  lonograa.  Figure  iOH  cade  Inedlately  after  the 
detonation  Indicates  that  a  laodest  increase  in  absorption  oeeurrsd 
which  caused  a  loss  of  nultiple  returns,  a  reduction  in  the 
strength  of  the  E-lsyer  echo  return,  and  a  dladnished  amoiaxt  of 
Interference.  The  increased  retardation  at  the  lower  fkev>eaey 
end  of  the  F-fsgion  echo  indicates  an  increase  of  ionisation 
at  heights  below  the  reflection  level.  Ihe  variation  of  f-adn 
in  Figure  31  shows  that  the  absorption  dladnished  to  pre-shot 
values  within  10  adnutes. 

The  extended  range  lonograa  of  Figure  30C  aaUle  at  H  8 
ninutes  shows  that  low  absorption  exists,  as  evidenced  bgr  the 
nultiple-rcho  returns.  There  is  also  indication  of  an  obligue 
echo  extending  in  frequency  to  about  6  Me  at  a  range  of  about 
650  km.  The  lonograa  of  Figure  30D,  made  jit  B  10  minutes, 
shows  a  continuation  of  this  oblique  echo  between  ^  and  6  He 
at  a  xange  greater  than  500  ka  as  veil  as  a  spread-F  condition. 

At  this  time,  a  rapid  change  in  critical  ftvquency  begins  to 
occur,  with  ’’2  critical  frequencies  increasing  by  2  He  in  an 
Inter'.'al  of  about  ^  minutes.  This  change  In  critical  frequency, 
(see  Figure  31}  corresponds  to  an  Increase  in  electron  density 
of  2.5  times.  Following  the  steen  increase,  in  foF2,  the 
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critical  frequencies  decreased  1  He  ty  atout  H  28  alinxtes* 

This  b\nip  on  the  critical  frequency  curves  uss  uadoiflitedly  the 
effect  of  the  passage  of  a  shot->generated  txaveling  dlsturhance* 

The  passage  of  the  traveling  dlstuxhance  is  also  well 
Barked  in  the  October  20  section  of  Flgiire  88.  Sote  also  in 
this  figure  the  sudden  increase  In  the  2  Me  curve  at  H  «  O,  caused 
by  the  additional  retardation  resulting  ftoa  new  ionization  foraed 
Instantaneously  in  the  E*or  lower  F-reglon  over  Ten. 

In  the  f-plots  of  Figure  3^  at  1300  GMT  on  20  October  (H  * 

U.5  hours),  f-mln  increased  to  near  its  daytime  value^althou^ 
this  was  some  U  hours  before  sunrise.  Echoes  Indicating  strat> 
Ificatlon  of  the  F^region  was  also  observed  at  times  during 
this  period  of  high  f-nin,  and  a  representative  ionogzam^  made 
at  H  5  hours,  is  shown  in  Figure  30E.  The  Increase  In  absoorp- 
tion  observed  at  this  time  nay  have  resulted  from  debris  vhlelh 
arrived  over  Tern.  If  this  Is  the  case,  the  average  drift  velocity 
from  the  detonation  was  approximately  l80  ki^hr.  The  absorption 
which  occurred  during  the  daytime  hours  following  Shot  OiedE 
Mate  was  no  greater  than  that  on  normal  days.  This  differs  Aron 
the  effects  observed  after  other  shots  when  significantly  greater 
absorption  than  normal  was  produced  in  the  dayli^  hours* 

Attention  is  call^,  in  Figure  32,  to  the  extraordinarily 
strong  blanketing  sporadlc-B  echoes  which  occurred  for  ecveral 
hours  beginning  at  H  ^  29  hours  (1300  GMT  on  21  October).  This 
was  possibly  caused  by  bomb  debris  drifting  ever  Tern  at  this 
time.  Similar  effects  were  observed  between  H 't-  17  hours 
H  ♦  28  hours  following  King  Fish  (Figure  66,  O5OO  to  I6OO 
OC,  2  novesber). 

Cnieck  jfete.  Midway. 

The  last  pre-event  Icmogram  is  shown  la  Figure  33A.  Tbs 
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f.4tii^tbere  ws  a  dacrease  in  Interference  jiarticularlsr  in  tbe 
l>roadeast  ‘band.  Interfering  signals  are  still  Missing  in  tbe 
Icnograa  oade  at  H  30  minutes  (Figure  36c}. 

Ibere  vas  a  gradual  bulld-iq;>  of  oblique  ecboes  falntlj 
seen  at  O9OO  above  the  regular  F-layer  trace*  'By  0923»  Figure 
36D,  echoes  at  several  ranges  had  appeared.  l!hereaftsx>  tbe 
additional  edioes  diminished,  and  by  1000,  Figure  3oE,  the  record 
vas  not  greatly  different  from  tbe  pre>event  record,  except  that 
f-oln  vas  still  moderately  above  normal. 

The  effect  of  a  traveling  disturbance  may  be  discerned 
in  tbe  oselUaticn  of  foF2  in  the  interval  between  about  H  JO 
minutes  and  H  60  minutes  in  Figure  37* 

Tbe  spread-F  shown  in  the  f-plots  (Figure  38}  was  moderately 
loiffuse,  extending  from  the  lowest  observed  F-layer  frequency 
up  to  foF2.  An  exaiiq>le  of  this  type  of  spread-F  may  be  seen  la 
Figure  36. 

There  were  no  abnormal  height  variations  of  tbe  F-layer 
following  the  shot. 

Check. hhte,  Tutnila. 

A  proapt  Increase  in  absorption  is  indicated  by  the  prompt 
decrease  in  noise  and  interference  at  the  lower  frequencies,  tbe 
Increase  in  f-aln,  and  the  disappearance  of  sporadic-E  multiples 
at  the  lower  frequencies.  In  the  frequency  range  between  about 
3  and  6  Me  on  the  pre-shot  ionogram  (Figure  39A},  there  are 
traces  of  ecboes  from  the  previous  pulse  (l/60'8ecood  odditonal 
delay}— tbe  ftixzy  traces  sloping  upward  at  about  angle. 

These  had  all  but  disappeared  in  Figure  39B,  indicating  a  snail 
amount  of  absorption.  By  approximately  H  l.$  minutes,  how¬ 
ever,  they  were  back  at  nearly  full  strength.  Also,  f-min  had 
recovered  stdwtant  tally,  although  tbe  sporadie-E  multiples  nc«r 
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0.3  Me  had  not  reappear-ed.  A  nev  cporedlc-E  echo  had  appeared  ‘ 

at  about  60  kjn  between  aprrox^^telj'  O.t  and  1.1  Me.  TOle  ■ 

ociio  1-'  iitUl  i;v;'dint  at  ll  -  -^O  ni!nuta:'  'n  Figure  3^^'  bel wi-eii  . 

« 

0.^  an;i  0.5  Ve  '-it  about  ll  -  --0  r’.li.hough  it  is  not 

v.lsiblc  tn  th>^  extondid  raag-.  'cnoGn±i«,  :  ’gun.  39C,  mde  at  | 

li  +  niinutoi?.  ' 

I 

In  the  7-r-.;g1.on  thor^i  vau  a  travel'  :g  disturbance  which  ’ 

I 

I’irst  appeared  at  H  +  6.3  .-'.antes  as  a  faint  trace  at  a  range  ■ 
of  about  )j60  km.  Th,  ran^e  decreased  and  the  echo  developed  j 
stmeture.  appcurlng  at  !!  -  minutes  as  shown  in  Figure  39C,' 

f.t  ‘ri  +  I4O  mlnut  's  cc  ‘n  F'.gure  590,  and  at  H  ♦  I.5  hours  as  , 

I 

shown  In  l-'guiv  39E,  wher.-  Its  range  Is  substantially  less  1 

I 

tliun  that  of  first  ho?  cf  the  regular  F-echo.  In  ten 

I 

inor,-  minutes  llio  n'gular  F-echot's  were  obscured,  and  2-hop  j 
(ind  higher  or.ii  r  <  choo;;-  Uaic-i  to  disappear  altogether.  The 
now  echoes  then  incroared  'n  range  as  though  the  distuxbanee 
had  passed  by.  By  H  +  3  fc-'urs  the  regular  F-echoes  had  reappea*"*^ 
cl<?arly,and  the  mlnlimnn  range  cf  the  new  echoes  was  greater  tharf' 

that  of  the  first  hop  regular  echo.  By  about  fl  +  hours,  the  | 

now  echoes  had  ccmpletely  disappeared. 

As  is  apparent  in  tt:  lonograms  of  Figure  39,  ei^uipinent 
difficulty  und/or  Interferteuco  Above  9  Me  prevented  recording 
good  echoes  from  the  regular  ?2-layer  (although  the  oblique 

•'chocs  show  up  above  9  Vc  in  5?C  and  39E?»  Thus,  the  trend  of  1 

the  regular  F2-layer  critical  frequencies  is  not  shown  beyond 
about  11  30  minutes  in  Figure  1*0.  However,  the  virtual  height 

changes  associated  with  the  dlst’trbance  mentioned  above  airc  re¬ 
flected  in  the  cui-ves  in  th*  upper  section  of  Figure  90.  The 
abnormally  high  f-mln  values  after  about  H  +  90  minutes,  shown 
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In  Figure  k6»  There  vere  no  further  Indications  of  abnornal 
ahsoxptlan  tntll  about  I300.  At  about  this  tine,  the  F^reglon 
echoes  disappeared  for  a  short  period  (Figure  ^5G)«  But  this 
near  not  hare  been  slsply  an  Increase  In  absorption;  It  my  have 
been  the  result  of  a  drop  In  critical  frequency  below  the  occult* 
Ing  fk«quency  (fbEs)  of  sporadic-E*  At  about  H  12.^  hours, 

Jiist  after  local  noon,  there  was  an  unusual  increase  In  f-inln 
for  about  an  hour  (Figtire  U7),  possibly  Indicative  of  debris 
passing  hy« 

There  were  several  vcU-narked  traveling  dlnturbances 
in  the  F-region.  One  is  iUustmtei  In  Figures  and 
another  In  AJE,  and  a  third  in  h5F.  The  passage  of  the  disturb* 
ances  produced  narked  stratification*  Associated  with  these 
three  dlstiobances  are  the  two  hunps  at  H  100  nlnutes  and  H 
130  nlnutes,  and  the  uptllt  at  E  *  165  nlnutes  on  the  2 'Me 
curve  for  26  October  in  Figiure  87,  end  the  two  Jogs  in  critical 
frequency  at  H  4  93  nlnutes  and  H  *  133  nlnutes  In  Fig.  U6.  A 
Jog  for  the  third  disttirbance  did  not  show  xqp  this  Ogure.  Ihe 
disappearance  of  the  3'^^  curve  at  H  3  nlnutes  Is  the  result 
of  the  decrease  In  foF2  which  was  In  progress  before  the  shot. 

The  reappearance  at  H  -r  3^  minutes  ray  be  the  result  of  a  dis¬ 
turbance  generated  by  the  shot. 

Figure  %3H  illustrated  the  appearance  of  the  F-region 
echoes  after  the  period  of  weak  echoes  illustrated  by  Figure 

h5G. 

Blue  cm.  Tern. 

F-layer  critical  frequencies  end  f-nln  were  near  nomal 
values  prior  to  the  Blue  Gill  shot.  Figures  48 A  and  show 
the  lonograns  nade  Just  prior  to,  and  dninedlatcly  following. 
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tbe  shot,  which  took  pliice  at  about  8  He  in  USA.  Prorapt  ib- 
sorplico  of  considerable  strength  is  denoted  by  the  increase 
In  -T-rrln  and  loss  of  the  srjltiple  P^layer  and  E-layer  echoes 
recorded  in  A.  Hlg-  absorption  existed  for  only  a  few  irin'Jtec, 
however,  as  indicated  by  the  f-rain  plot  in  Figure  U9.  Fr'r-c'cct 
values  were  reached  again  after  about  30  siinutcs. 

Ho  prompt  F-region  effects  were  observed,  but  critical 
ftecuencics  began  to  be  disturbed  at  about  H  10  minutes 
(Figure  1*9).  A  fairly  rapid  decrease  began  at  about  H  +  25 
rlirutes,  and  the  greatest  effect  (traveling  disturbance)  took 
place  near  H  +  UO  minutes.  See  tangled  traces  in  Figure  U8C, 
and  rapid  development  illustrated  in  Figures  48C  throu^  E. 
Also  note  the  virtual  height  curves  for  26  October  in  Figure 
od. 

Taking  25  minutes,  the  time  of  beginning  of  the  decline 
in  critical  frequency,  as  the  time  of  the  arrival  of  the  dis¬ 
turbance,  and  900  km  as  the  approximate  distance  to  the  shot, 
the  average  velocity  was  0.6  km/sec.  Additional  traveling 
disturbances  moved  over  Tern  beginning  at  approximately  H  ♦ 

60  end  at  H  +  80  minutes.  The  lonogram  record  made  at  H  69 
minutes.  Figure  U8F;  shows  an  exanple  of  stratification  and 
oblique  echoes  resulting  from  these  disturbances. 

A  large  increase  in  absorption  near  tbe  time  of  sunrise 
on  tbe  morning  after  Blue  Gill  caused  near,  or  total,  blackout 
of  echoes  for  more  than  an  hour.  This  blackout  effect,  which 
may  be  observed  in  the  f-plots  shown  in  Figure  50,  resulted 
free  the  fact  that  f-mln  Increased,  due  to  D-reglon  absorption, 
mere  rapidly  and  to  higher  values  from  tbe  solar  excltatloo 
than  did  the  F-region  critical  frequencies.  Absorption  coo- 
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30  hours  foUowiiig  the  detonstlon  and  Included  the  period  of 
darkness  on  27  October.  F-region  critical  frequencies  vere 
near  nonml  Tslnes  uhen  observable  after  the  sunrise  blackout 
on  26  Octcber^and  no  further  anonalous  F>reglon  effects  vere 
noted. 

Blue  Gill.  Mldvar. 


The  pre>ehot  lonograa  Is  shown  in  Figure  330>  which  was 
cut  off  at  6  Me  as  a  result  of  equipment  nalfunctionlng.  All 
of  the  li!g>ortant  ixtfonation  Is,  however,  shown  In  the  portion 
below  6  Me.  Mote  that  f-nln  was  less  than  1  Me,  and  sporadie-E 
echoes  went  to  2.t  Me. 

Shot  time  was  at  the  beginning  of  the  next  lonograa, 

Flguzw  33M«  et  about  1  Me  on  this  lonograa.  The  sporadic- 

■  £  echoes  disappeared  resulting  In  an  increase  of  f-aln  to  about 
1.7  Me.  The  q?oradle-B  echoes  again  appeared  flalnt3jr  In  the 
next  lonogram  aade  1$  seconds  later  (not  shown),  and  f-aln  was 
again  below  1  Me  by  1  ♦  10  minutes. 

There  i«s  no  striking  evidence  of  shot-generated  travel¬ 
ing  disturbances,  theugh  some  of  the  fluctuations  In  critical 
frequency  In  Figure  $1  and  In  the  26  October  virtual  height 
curves  of  Figure  89  aay  have  been  shot-generated.  Figure  33F 
shows  disturbed  traces  which  occurred  n»re  than  2.$  hours  after 
the  shot. 

By  1^25  (Figure  33C)  blanketing  sporadic-E  obliterated 
f2-layer  echoes  to  a  large  extent.  The  lonograas  for  the 
period  from  li»30  to  I6IO  showed  complete  blanketing  by  sporadic* 
E,  perhaps  indicative  of  d^rls.  This  period  Is  indicated  In 
the  f-plots  of  Figure  Bporadlc-E  was  also  stronger  than 
usual  during  the  following  daylight  period. 
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Blue  Gill,  OantoOi 

At  the  tiae  of  detonatlOD^tbe  F-layer  showed  conslder- 
ahle  spread^?.  The  naxtmun  echo  frequency  was  about  11  Me* 
Sporadic'E  was  Boderately  strong,  and  f>jnln  was  about  0.5  Me. 

This  is  seen  in  Figure  53^*  The  shot  occurred  at  about  2  Me 
on  this  ionograa.  The  linsediate  effect  is  a  narked  decrease 
in  the  broadcast  bexkd  interference  (500  to  1,500  kc)  in  Figure  53B. 
with  a  diminution  of  interference  vqp  to  about  k  Me.  The  vertical 
Incidence  echoes  renalned  virtually  unchanged,  although  there 
was  a  slight  increase  in  f-inln. 

Following  the  shotj  there  was  a  gradual  increase  of  f-min 
starting  about  10  minutes  after  the  shot.  But^thls  nay  well 
have  been  a  norsal  fluctuation  (conqiare  with  other  ni^ts  in 
Figure  55).  Figures  S3C  and  D  show  the  situation  at  H  27 
minutes  and  H  90  alnutes,  respectively. 

Following  sunrise,  however,  f-min  increased  to  soaeWhat 
higher  than  norsal  values.  Figure  53E  shows  the  Ionograa  for 
H  12  hours. 

Blue  Gill,  Tutuila. 

The  shot  occurred  at  about  13  Me  on  Figure  5^.  Absorp> 
tlon  increased  suddenly,  as  indicated  by  the  Increase  in  f-ain 
(Figures  ^  and  57)  and  the  disappearance  of  spoxadie-E  echoes 
(Figure  56B},  but  recovered  substantially  in  2  minutes  (Figure 
56c)«  Maxlisum  f-ain  was  2  Me.  Absorption  increased  again 
beginning  about  H  1  boxir  and  40  minutes  (Figures  57  and  58), 
f-mln  reaching  I.5  Nc  by  about  Jl  *  2  hours  and  40  alnutes, 
but  subsiding  to  nonnal  by  about  H  4  hours.  Absoxptlan 
again  became  abnormally  high  at  sunrise,  lasting  about  four 
hours  (Figure  58)*  There  were  apparently  no  effects  in  the  F- 
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region.  Virtual  heights  showed  no  unusual  variations  following 
this  shot  (Figure  90)* 

Blue  Gill,  Tonga. 

Three  lonograms,  C,  D,  and  E  of  Figure  teilUustrate 
effects  of  the  Blue  Gill  shot* 

lonogran  C,  0959  GMT,  shows  the  situation  Just  jnrlor 
to  the  explosion.  Multiple  echoes  flron  both  E-and  F- regions 
are  clearly  visible.  The  shot  to6k  place  at  about  6  Me  on 
this  lonograa. 

lonogram  Dj  H  15  seconds,  shows  very  little  change  In 
the  F-reglon^but  absorption  has  obliterated  echoes  froD  the  B' 
reglm.  The  result  Is  a  sudden  increase  of  f-oln  froa  less 
than  1  to  2.3  Me.  There  is  also  a  narked  reduction  In  the 
number  of  Interfering  signals.  A  vestige  of  the  first  Bultlpls 
echo  from  the  F-layer  survived;  critical  frequencies  resalned 
unchanged. 

lonogram  E,  H  ■»'  25  minutes,  begins  to  look  like  the  pre* 
event  lonogram.  A  lack  of  multiple  echoes  IVon  the  E- region, 
however,  shows  that  absorption  at  the  lower  frequencies  is 
still  somewhat  enhanced. 

The  behavior  of  f-min  Is  shown  li)  Figure  59*  There  was 
no  appreciable  disturbance  of  the  F-rcglon.  There  were  no 
unusual  fluctuations  of  the  critical  frequencies. 

The  f-plots  for  October  25,  26,  27,  and  28  appear  In 
Flgiire  60.  These  are  typical  of  undlstivbcd  days  at  this 
latitude.  The  only  indication  of  the  event  of  October  26 
Is  the  high  f-min  value  of  2.3  Me  at  1000  GMT. 

King  Flch,  teul. 

The  shot  took  place  at  about  0.5  Me  In  Figure  6lB. 


45 

SECRET 


Absorption  Inerensed  abng^itlorf  thone^  aodere.te3jr»  incronslng 
f-mln  trcm  about  0*5  to  about  He  (Figures  6l  and  62). 
Tbere  vas  partial  recovery  In  about  two  nlnutes,  but  f-edn 
reoalned  abnonsally  high  for  Uie  next  several  hours  (Figures 
62  and  63}*  The  Increase  at  sunrise  was  less  than  nomal 
(Figure  63  }>  so  that  daytisM  values  were  approxlsateloT  noraal 
until  a  little  after  noon  when  abnonaally  hi^  values  occurred 
for  a  little  more  than  an  hour  (Figure  63)* 

At  about  B  15  minutes,  a  traveling  disturbance  arrived, 
and  the  F-region  critical  flvqueneies  started  to  Increase.  ^ 
about  H  >  30  minutes  (Figure  62),  the  Increase  amounted  to 
about  1  Me.  The  critical  frequencies  then  returned  to  near 
norsail  by  H  50  minutes.  Figure  6IS  is  an  ionogram  near  the 
start  of  this  period.  FTca  about  H  «  U6  minutes  to  H  ■«-  69 
minutes,  absorption  was  high,  with  an  oblique  echo  and  some 
stratification  indicated  by  a  kink  appearing  about  H  5^ 
minutes  which  developed  into  a  ledge  that  moved  upward  off  the 
record  at  about  H  *  Tk  minutes.  Another  ledge  developed  at 
about  H  +  81  mlruites  diM.ng  another  but  slighter  Increase  in 
critical  frequencies  which  took  place  between  about  H  ■*'  60 
minutes  and  H  -t-  90  minutes.  Ibis  ledge  moved  in  and  took  over 
the  trace  at  about  H  >  92  minutes.  The  extraordinary  trace 
became  quite  weak  again  about  this  time  and  dlsappeaired  shortly 
after.  Indicating  another  period  of  increased  absorption 
(Figure  61F). 

At  about  E  *  9^  minutes,  a  cloudy  ledge  appeared  high 
up  on  the  ordinary  trace  and  developed  into  a  wellrdefined 
ledge  at  about  H  *  100  minutes.  A  fkint  extraordinary  trace 
was  also  visible.  This  ledge  moved  in  and  took  over  at  about 
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1  112  adnutes.  Ibe  estnordlnaxy  txmee  resaSsed  Tory  weak 
until  about  H  *  13$  alnutes. 

Hbte  the  time  relatioaehip  of  the  traaeints  ia 
critical  trtqfieaef  and  rlrtual  height  in  Figures  €Z  and  07 
(1  TXareiitr)  during  the  passage  of  the  traveling  disturbance 
^diich  arrived  about  H  15  alnutes. 

Kltir  Fish,  Tern. 

lonositerie  conditions  which  were  producing  nearly  noraal 
ifinratnna#  acho  rctums  Just  prior  to  Shot  King  Fish  were  dmnged 
proc!i>tljr,  and  draaatlcallyj  for  hours  following  the  esploeion. 
Figure  6U  sbous  selected  iooograns  for  a  period  19  to  1  h 
hours,  lonograa  A  shows  the  echoes  Just  prior  to  the  Shot 
which  took  place  at  about  7  Me  on  this  ionogras.  Pronpt,  high 
absorption  obliterated  all  echoes  in  the  next  two  lonograas 
(not  shown).  In  the  lonograa  for  H  seconds,  a  weak  echo 
frbn  the  F-reglon  appeared  over  the  Halted  frequency  range  froa 

2  to  2.1»  Me, as  shown  In  lonograa  B  of  Figure  The  initial 
absorption  decreased  rapidly  as  Indicated  by  the  variation  la 
f-jaln  in  Figure  65* 

lonograa  C  in  Figure  6i,  aade  at  B  6  sdnutes,  hbows  two 
new  echo  traces  at  a  range  of  about  500  ka.  TIat  the  upper 
trace  is  a  ledge  high  19  in  the  F2-layer  Is  indicated  by  the 
retardation  (increased  virtual  height)  near  fo?2.  Bote  that 
the  extraordinary  wave  echo  is  very  weak.  The  newly  created 
ledge  continued  to  decrease  in  Iteigbt  and  aerged  with  the 
existing  Isyer  to  produce  a  thin-layer-type  echo  within  two 
minutes,  B  ^  10  alnutes,  as  shown  in  Figure  filD.  As  tiae  pro¬ 
ceeded,  the  new  echo  aoved  overhead  and  developed  typical  retar¬ 
dation  at  the  critical  frequenciea.  and  multiple  edioea  (see  figure  64E 
made  at  B  2b  minutes).  In  addition,  a  new  series  of  echoes 
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my  men  between  the  first  and  seeoodoverhead  multiple  eetaoes, 
and  also  a  diffuse  echo  In  the  vicinity  of  ll»  Me  at  a  range  of 
between  HOO  and  500  Iob.  Thr  obllq\ie  echo  which  appears  at  a 
virtual  height  of  about  250  Ira  In  Figure  6UB  gradually  decreased 
In  range  and  merged  with  that  echo  tdilch  bad  been  overhead, 
(lonograa  F  In  the  vicinity  1.5  to  2*5  Me).  At  the  same  time, 
the  diffuse  oblique  echo,  observed  In  E  around  lU  Me,  decreased 
In  range  and  expanded  to  cover  the  frequency  range  from  2.5  Me 
to  a  frequency  In  excess  of  the  upper  limit  of  tbe  lonosoode. 
This  echo  nay  be  seen  In  lonogram  F,  mde  at  U  33  minutes. 

Beginning  about  H  33  minutes,  an  additional  traveling 
disturbance  echo  va«  first  noted,  appearing  at  a  virtual  height 
of  about  500  km  at  a  frequency  near  1.5  Me.  This  echo  descend¬ 
ed  In  height,  appearing  at  H  39  minutes  as  shown  In  Figure 
6UF  between  1.5  and  2  Me,  and  disappeared  by  about  H  50  mi¬ 
nutes.  The  spread  echo,  with  a  fairly  well  defined  lower  edge, 
continued  to  decrease  slowly  In  height,  and  over  the  next  few 
hours  several  more  obllqi;e  echoes  were  observed  moving  toward 
Tem^and  these  echoes  grad*:ally  merged  with  those  from  over¬ 
head.  The  frequency  range  over  which  echo  rqtums  were  observed 
varied  with  time, but  In  geiceral,  as  shown  In  Figure  65,  f-ndn 
values  greatly  exceeded  the  normal  values  and  also  exceeded 
those  observed  Immediately  following  tbe  detonation. 

A  representative  echo  return  at  approximately  H  +  •»  hours 
Is  shown  In  Figure  where  It  may  be  seen  that  the  upper  fre¬ 
quency  of  the  return  Is  United  by  the  lonosonde  equipment. 

It  may  also  be  observed  that  the  minimum  frequency  of  the  echo 
return  Is  around  5  >Vj,and  yet,  noise  and  Interference  signals 
at  frequencies  as  lew  as  O.25  Ffa  are  readily  observed.  This 
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ebaxmcterlatle  twBgfrti  that  the  high  ahaorptloo  reglona  are 
relatlTeljr  anil  la  cstcnt  and  are  located  esaentlally  overhead 
of  Tenia  Thua,  thegr  do  not  affect  the  ionospheric  regions  . 
throu^  vtaieh  diatadt  signals  pass  in  arriving  at  Tern* 

Onlj  ifeak  lelaaa,  in  the  vicinity  of  15  to  17  Me,  froa 
the  sane  echo  sboMB  la  Figure  64h  were  observed  during  the 
period  B  *  5  hours  to  I  -»  6  hours .  This  vas  probably  due  to 
the  increased  absoipfelaa  created  by  solar  effects  at  sunrise* 

At  H  8  hour^the  eeto  returns  had  evolved  into  a  strong  blanket 
Ing  sporadie-E  echo  «lth,  as  yet,  no  F-layer  returns  visible  al- 
thou^  the  sun  had  beeo  iqi  for  several  hours.  As  the  blanketing 
frequency  of  the  apamUe-E  layer  deereased,  weak  F-layer  returns 
began  to  appear  Shoot  I  8^  hours,  which  showed  considerable 
spread  In  the  echo  rebam.  ^  H  10^  hours,  ionospheric  re¬ 
flections  produced  echo  returns  which  were  nore  nearly  nomal 
than  mjf  since  the  deteoatlon;  however,  f-raln  values  were 
substantially  greater  than  normal^  and  F-layer  critical  fre¬ 
quencies  were  several  aegacyeles  below  usual  values.  This  con¬ 
dition  of  higher  f-ala  and  lower  critical  frequencies  than 
nomal  existed  thromPnot  the  daylight  hours  as  nay  be  seen  in 
the  f-plots  of  Figure  ft*  Also  in  Figure  66,  eehccs  are  in¬ 
dicated  at  three  difflerent  tines  during  the  period  0^00  to  l600 
GMT  on  2  Bovenher  (l  17  hours  to  H  28  hours).  The  strong 
sporadic-E  echoes  asy  lave  resulted  from  debris  arriving  in  the 
vicinity  of  Tern.  A  slallar  effect  of  strong  sporadic-E  echoes 
for  several  hours  beginning  at  H  29  hours  following  Check 
Mate  (see  Figure  32,  1300  GMT  21  October)  was  also  noted. 

The  passage  of  the  principal  traveling  disturbance  is 
clearly  indicated  in  the  1  Noveniber  curves  of  i'lgure  88. 
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The  shot  occurred  at  shout  8  Me  cn  lonogram  A  In  Flgur* 

67*  Prior  to  the  event,  there  uu  seme  forking  and  oblique 
reflections  in  the  12  echoes* 

Figure  67B,  the  lonograin  taken  IraaedlateloT  after  the 
shot,  shows  considerable  local  absorption  (aliaost  a  blackout  ), 
which  mostly  disappeared  in  about  one  and  a  half  minutes* 

Flg\ire  67c  (H  >  11  minittes)  is  an  extended  range  lonogna 
(0  to  1400  km)  showing  forked  traces,  but  no  unusual  echoes* 

In  Figure  67D  (H  17  sdnutes)  there  are  indications  of  dbUqas 
echoes-*— the  fuzzy  patch  at  I3OO  km  and  Just  to  the  right  of 
the  2-Mc  marker,  and  another  short  streak  at  I3OO  km  and  about 
^  Me*  Both  echoes  decreased  in  range  in  succeeding  ionograms, 
and  the  echo  at  2  Me  by  H  20  minutes  developed  into  a  thin 
line  extending  from  about  1*7  to  3*3  Me  with  a  range  near  1100 
km,  which  Increased  slightly  with  Increasing  frequency*  Ibese 
echoes  disappeared  shortly  afterward* 

The  ionograa  for  H  3S  minutes  (Figure  67E)  shews  consider* 
ably  increased  critical  frequencies,  and  the  traces  are  no 
longer  forked.  The  change  can  also  be  seen  in  Figure  68  which 
shows  that  the  rise  in  critical  frequencies  started  about  10 
minutes  after  the  event  and  returned  to  normal  in  about  60 
minutes.  The  change  in  critical  frequency  was  also  acconpanled 
by  a  change  in  h'f2  iron  330  km  at  H  17  minutes  to  220  kis  at 
H  4^  minutes.  This  Indicates  that  the  increased  ionization 
density  may  have  been  largely  the  result  of  conpression  due  to 
a  traveling  disturbance.  There  was  no  Indicaticn  on  the  ionograms 
of  the  movlng-ln  of  ionized  particles  which  would  have  shown 
Initially  as  oblique  echoes  rather  than  a  gradual  decrease  in 
virtual  height  and  increase  in  critical  frequency.  Changes  in 
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f-nln  mfter  H  ■*’  zdnutes  vere  not  seen  teeanse  the  lonogrsa 
sweep  '^Urtcd  at  1.0  He  and  f<4iln  was  below  the  lower  Halt  of 
the  recorder  isuch  of  the  tins* 

By  E  6^  sdnutes  (Figure  67?)^  the  critical  frequencies 
were  near  nomal  and  an  oblique  refleetloa  can  be  seen  abort 
the  second  imiltlple  near  fxF2.  This  echo  “was  first  seen  a 
minute  before  this  record.  Figure  675  shews  how  It  changed 
In  U.5  mlniites  more  (H  71*5  minutes }•  H  7^  adnutas 

(Figure  67H)^the  oblique  trace  was  moving  in  overhead  aaA  bad 
become  associated  with  the  traces  at  the  critical  frequencies* 
Qy  H  78  minutes  (Figure  67Z),  the  fosmer  traces  near  foF2 
and  fXF2  had  become  spurs.  Within  a  adnute  thereafter, the  two 
pairs  of  traces  had  merged^acd  the  stratification  appears  as 
a  small  ripple  farther  down  each  trace.  A  new  oblique  echo 
Is  seen  In  lonogna  I  at  H  ■*-  7^  minutes  at  6OO  km*  This  echo 
was  seen  for  onljr  about  5  minutes* 

Weak  aporadlc-E  was  seen  at  detonation  time  and  lamedl* 
ately  thereafter,  but  was  not  seen  again  for  appmxlaatelor  ^ 
hours* 

There  was  a  possible  long-delayed  effect  shown  In  Figure 
6^3,  for  0400  GMT  on  2  Hovecher*  Coi]q>lete  blanketing  by  Es 
was  observed  for  a  tine  (see  also  Figure  69}* 

The  shot-induced  effects  were  the  enhanced  critical  fre¬ 
quencies  between  H  13  sainutes  and  H  -t-  £0  adnutes  aecoqpanled 
by  a  fairly  rapid  decrease  In  layer  height  (Figure  89)  and  one 
more  well-marked  traveling  disturbance,  first  seen  66  minutes 
after  detonation*  A  possible  delayed  effect  was  the  occurrence 
of  blanketing  Es  nearly  I6  hours  after  the  ejqploslon. 

King  Fish,  Canton* 

Figure  7^  shows  an  ionogram  eon^leted  before  shot  tine. 
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(synl>ol  a)  after  H  ♦  117  nlnutes,  n^rely  indicates  that  vexy 


little  of  the  F-lajrer  returns  vere  ccserved.  During  this 


perlod^tbe  P-layer  height  Increased^ and  echoes  were  very,  dlfftise. 

ly  H  5  boors,  the  F2-3ayer  had  largely  rettimsd  to  aonal, 
vlth  only  a  little  spread-F«  Thereafter,  the  lonograas  appsared 
to  he  nonal  as  shown  In  the  f-plots  of  Figure  TZ» 

The  shot-induced  effects  were  an  early  aoderate  Ixicraase 
In  absorption  followed  by  fhlrly  large  diffusing  effects  In  the 
F-eeboes,  pins  Increased  conplexlty  of  sporadle-E  echoes  and 
Indications  of  a  traveling  disturbance.  The  total  duration  of 
the  effects  of  the  event  appeared  to  be  about  five  bouxa. 

King  Fish,  Tutulla. 

The  shot  occurred  as  the  lonosonde  was  passing  2.5  Me 
on  the  lonograiD  In  Figure  73B,  and  the  onset  of  strong  absorp¬ 
tion  was  Instantaneous.  The  absorption  Increased  In  strength 
for  about  ^  ninute.  The  echoes  In  the  lonograa  made  30  seconds 
after  Figure  73B  (l5  seconds  before  73C}  hsid  alnost  disappeared. 
But  by  H  +  1.5  minutes  (Figure  73D),  f-nln  was  back  down  to 
sbottt  1.5  Me.  Also  In  this  figure  Is  a  trace  of  sporadlc*B  at 
about  80  kn  near  2  Mo.  Referring  to  Figure  7^,  f-sdn  returned 
to  approxlssitely  the  pre-shot  value  by  H  +  3  ndnutes,  but  In¬ 
creased  agidn  beginning  about  H  3  minutes,  and  remained  ab- 
nonnally  high  the  remainder  of  the  night.  At  sunrise  (Figure 
75),  it  increased  again  to  abnormally  high  morning  values,  but 
subsided  to  approximately  normal  values  by  late  morning. 

Again,  referring  to  Figure  7U,  and  the  1  IloTent>er  sections 
of  Figures  75  and  90,  the  F2-layer  remained  relatively  undis¬ 
turbed  until  about  H  +  30  minutes,  when  the  crltlOal  fi^uencies 
began  to  Increase,  and  virtual  heights  to  decrease.  The  erlt- 
frequenhles  reached  daytime  values  near  H  65  minutes,  and 
the  relative  thickness  of  the  underside  of  the  F-layer  decreased 
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conslderal)ly*  Figure  7^  shows  another  slight  Increase  In  critical 
frequencies  near  U  +  150  minutes,  hut  the  magnitude  of  thli  is 
hardly  more  than  a  natural  fluctuation*  It  should  be  noted  that 
there  was  a  tendency  for  the  critical  frequencies  to  increase 
sharply  near  1200  GMP  on  other  days  (see  31  October  in  Figure 
75,  19  and  22  October  in  Figure  Ul  and  25  October  In  Figure  ‘jQ), 
The  large  exciurslon  in  critical  frequency  was  probably  caused 
by  an  Influx  of  ionization  from  above  and/or  a  con5)resElon  of 
the  original  ionization  which  took  place  in  such  a  way  that  no 
stratification  occurred  below  the  height  of  rxoclmun  density* 

At  about  n  +  2  hours,  a  fuzzy  patch  api^oared  near  11  Me 
(about  U  to  5  J'fe  above  the  critical  frequency)  at  a  little  beyond 
500-km  range*  In  a  few  minutes  this  was  seen  on  an  extended 
range  lonogram  (not  shown)  to  extend  backward  with  Increased 
range  (apparently  retardation)  to  about  a  megacycle  below  foF2* 

In  Figiire  73F»  a  portion  near  11  Me  can  be  seen  Just  beyond 
the  range  marker.  The  range  near  11  Iflc  gradxially  de¬ 

creased  to  about  J*00  km  before  it  disappeared  near  sunrise* 

None  of  the  fuzzy  echo  showed  on  the  lonograms  after  0J20  GMT 
(11  +  5  hours  and  10  minutes).  Thereafter,  the  ionocrams  appear¬ 
ed  normal  but  with  weak  echoes.  Comparing  the  virtual  height 
curves  for  Tutuila  in  Figure  ::6  (Star  Fish)  with  those  for  King 
Fish  in  Figure  90,  note  the  absence  of  the  initial  disturbance 
in  the  King  Fish  curves,  but  the  general  similarity  thereafter. 
King  Fish,  Tonga. 

Ten  lonograms,  F  through  0,  of  Figure  h2  lUxistrate  this 
event  for  Tonga* 

lonogram  F,  1210  GMT,  was  being  made  Just  before  shot 
time.  The  characteristics  were  f-min  less  than  1  Me;  h'Es  95 
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ka,  £Eb  1.6  Me;  k*f2  250  kn>  foF2  6.9  Me.  The  shot  took  place  ■ 
Just  after  1  Me  la  ionogran  G.  The  sporadle-E  echo  at  100  kn 
vas  proagttlar  eat  eff  at  about  1*1  Me.  F* region  echoes  are  not 
seen  at  below  3.U  Me, and  the  nurd>er  of  interfering 

■Ignals  was  considerably.  Otherwise,  there  was  no  issae^ 

dlate  ehai^  la  tlie  F2~ echoes. 

lonograa  I,  H  ^  14  minutes,  shows  an  echo  from  I.9  to 

2.5  Me  at  a  range  of  38O  Ion.  This  echo  Is  at  a  frequency  and 

range  apprcpriaae  to  the  third  multiple  of  Es.  On  the  other 

the  ahsmiT  of  the  second  multiple  of  Es  suggests  that 

perhaps  Is  an  oblique  echo  which  may  be  related  to  the 
shot.  lonograa  I,  H  19  minutes,  shows  the  new  echo  fading 
out  as  the  range  decreased  slowly.  All  other  characteristics 
renadned  unehsngnl. 

lonograa  J,  H  37  minutes,  shows  the  appearance  of 
another  obllqne  echo  at  a  range  of  4l0  km.  By  H  7?  minutes 
(K)jlts  range  had  decreased  cmslderably.  That  the  echo  Is  not 
from  overhead  Is  Indicated  by  the  lack  of  Interference  with 
the  first  saltljae  reflection  froo  the  E2-reglon. 

In  lonograsi  I,  H  92  minutes,  the  critical  fire* 
quencles  In  ftrst-hop  F2-9eho  ure  nearly  obscured  by  the  oblique 
echoes.  h*F  has  decreased  to  210  km.and  foF2  has  decreased  to 
7.9  Me.  The  weak  return  frcxn  the  E-reglon  my  be  due  to  the 
■variable  nature  of  Es  rather  tluui  to  absorption.  lonogram  M, 

E  +  116  alnutcsf  dwws  still  further  development  of  the  oblique 
echoes. 

In  ioDOgraB  l4^  minutes,  the  oblique  echoes  have 

nearly  vanished.  The  oblique  echoes  were  last  seen  at  about 
H  230  mlnntes. 
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Is  little  evidence  of  dlstcx%enee  In  figure  78  and  tbe  ^ 

Hoveidber  evmres  of  Figure  87* 

Figure  80  gives  tbe  diurnal  f-plots  fOr  this  event* 

Tight  Rope,  Tern* 

Tbe  effects  of  Tight  Bppe  at  Tem,  If  angr*  ware  so  olid 
as  to  he  Indlstlngulshahle  froa  noxnal  Auetuatloos*  There  vas 
no  discernible  proagit  absorptlao,  not  even  a  discernible  effect 
on  tbe  background  of  Interfering  signals.  Therefore,  no  iooo- 
grams  and  no  f-plots  are  presented* 

Tbe  evidence  presented  Is  In  Figures  8l  and  66*  The  la> 
crease  In  critical  frequencies,  reaching  a  »»»■>< mm*  at  about 
H  +  50  minutes  (Figure  61),  ay  be  bqdb-assoclated,  but  takes 
place  much  later  than  the  ddstuzbences  produced  by  the  other 
boobs*  The  Fovenber  virtual  height  curves  In  Figure  68 
lUcevlse  show  nothing  unusual. 

Tight  Rose.  Midway. 

Figure  67K  shous  an  Isnosoode  sweep  ccopleted  at  1  3 

seconds;  l.e*,  the  boob  vent  off  at  about  Me  In  tUs  1oim>> 
gram.  Figure  67L  shows  an  lonogram  started  at  1  ^  seconds* 
lib  change  Is  evident  except  for  a  possible  diminution  of  lnter> 
ference  indicating  Increased  absorptlco  elsewhere* 

Fvldcnee  of  traveling  disturbances,  possibly  borib-generated, 
appeared  In  subsequent  lonograms,  as  at  Mbiul*  There  were  a 
nunber  of  fairly  rapidly  oozing  oblique  echoes  over  a  period 
of  about  3  hours*  ^  1225  G:-7,tbe  Ionosphere  appeared  to  have 
returned  to  normal* 

Notice  the  similarity  of  the  critical  frequency  variation 
In  Figure  82  and  tbe  4  Novecber  virtual  bel|^  variation  In 
Figure  89  to  those  for  Tern  (Figures  6l  and  88)* 

Figure  83  gives  the  diurnal  f>plots  tor  this  event. 
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Tight  Hope.  Omtoiu 

Bo  effects  on  the  scrtlesl  incidence  soundings  verc  dbserved. 
There  my  fasTe  been  n  slight  sttenmtion  of  interference*  lo 
looogrsas  covering  this  event  axtd  no  detailed  plots  of  critical 
frequency  and  f-nin  and  vlrtoal  height  are  included  in  this  report* 
The  diurnal  f-plots  are  shorn  in  Figure  6V* 

Tight  Rope.  Tutuila. 

The  lonograas  ehowsd  no  recognluble  evidence  of  a  ho^ 
effect.  The  h  Bovesd>er  virtual  height  curves  in  Figure  90 
no  effects.  The  diurnal  f*^ots  are  given  in  Figure  85* 

Tight  Rope.  Tonga* 

Tvo  ionograsn,  P  and  included  in  Figure  U2  illustrate 
this  event.  Ho  recognizahle  effects  of  the  bomb  vere  found  in 
the  ionograms.  The  f-plots  for  lloveid>er  3»  V,  5.  and  6  are 
given  in  Figure  86*  These  plots  are  typical  of  undisturbed 
days  at  this  latitude* 
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star  yi«h« 

Ifae  cbanees  In  the  Ionosphere  resulting  frcn  the  Star  Fish 
shot  as  Indicated  by  Icnoscnfle  data  eere  greater  at  statlona 
located  near  the  nagnetle  meridian  passing  throned  the  point 
of  ejiplosion  than  at  the  other  stations,  nils  uas  the  ease 
even  though  scan  of  the  stations  not  on  the  sngnetle  nerldlan 
vere  closer  to  the  point  of  aploolaoa 

Jbe  greatest  duration  of  total  blaekout,  appiroxlnately 
85  ninutes,  occurred  at  Tern  Island  vhleh  lies  near  the  point 
at  vhleh  the  nagnetle  line  through  the  eiqploslon  enters  the 
earth.  FoUovlng  total  blackout,  a  degree  of  absorption 
persisted  for  several  hours^and  only  weak  spread  echoes  trem 
the  F-reglon  vere  observed.  It  Is  likely  that  HP  radio  ean> 
Hunlcatlons  for  radio  paths  requiring  Ionospheric  reflection 
In  the  vicinity  of  Tern  Island  vould  have  been  Intemtpted,  or 
poor,  for  several  hours  fc^Llowlng  the  explosion. 

At  Tonga,  near  the  southern  conjugate  area  of  Tern,  an 
extended  period  of  total  blackout  also  vas  observed.  Although 
equipment  difficulty  prevented  continuous  observation,  total  . 
blackout  apparently  persisted  until  H  -t-  ^1  nlnutes.  It  should 
be  reneebered,  however,  that  the  lonosonde  at  Tonga  vas  an  older 
less  sensitive  model  than  those  at  corns  of  tha  other  statlcna. 
Tern  In  particular. 

The  F-layer  reflections  at  Tonga  vert  entirely  different 
from  the  vesk  spread«type  echoes  observed  st  Tern.  It  seems 
likely,  following  the  total  blackout  at  Tongs,  that  HP  eoi^ 
raunlcatlon  circuits  with  reflection  points  in  tbe  Ionosphere 
over  Tonga  would  have  been  able  to  operate  satlsfbctorlly 
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ouch  sooner  then  those  circuits  with  paths  in  the  vicinity  o£ 
Tern  Island. 

The  various  layers  fonned  over  Tonga  ney  have  been  the 
result  of  Ionized  bocib  debris  vhleb  travelled  along  the  rnenclic 
field  and  deposited  in  the  southern  conjugate  area.  Sccae  of 
these  layers  nay  have  been  in  existence  at  tines  earlier  than 
those  observed  with  the  lonosonde,  but  echo  returns  were  pre* 
vented  by  the  high  absorption  at  lower  heights  in  the  D-r^gion. 

At  TutuUa,  which  Is  sone  9^0  km  north  and  senewbat  east 
of  Tonga,  very  dranatlc  ionospheric  effects  were  also  observed. 
It  is  interesting  to  note  that  the  ionization  density  over 
Tutulla  following  Star  Fish  was  on  the  order  of  If  times  the 
diurnal  maximum  value  for  a  normal  July  day,  when  the  critical 
frequencies  reach  the  vicinity  of  12  Me.  The  increase  of  P- 
reglon  critical  frequency  from  a  value  of  U  Me  to  over  20  Me 
indicates  that  the  shot  proioptly  produced  a  greater  than  29^ 
fold  Increase  in  electron  density. 

The  perturbation  of  the  ionosphere  in  the  equatorial 
region  over  Canton,  while  significant,  was  much  less  than 
observed  at  the  other  lonosonde  stations  along  the  mcignstie 
meridian.  Blackoi:t  occurred  for  only  a  little  over  a  minute 
following  the  shot,  and  a  transient  FI  layer  echo  was  retiuned 
for  about  two  minutes  beginning  at  H  +  3  minutes.  No  F2--layer 
effect  was  observed  iintll  about  H  +  7  minutes  when  the  critical 
frequency  begun  to  increase,  rising  to  a  value  of  11.5  I'je  at 
H  ♦  20  minutes.  This  increase  of  critical  frequency  correrponlo 
to  an  increase  in  electron  density  of  more  than  2.5  times  that 
which  existed  prior  to  the  shot. 

The  effects  observed  at  the  Islands  of  Maul,  Midway,  and 
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'VWce  wre  umllw  in  aisnitndte  than  at  tha  other  locations 
discussed  shove*  At  these  three  stations,  a  proivt  Increase  In 
ahsoiptlon  oceui'red  idileih  resulted  In  a  blaekcut  fbr  about  9 
ninutes  at  llld«ar>  and  fOr  aore  than  a  nlznita  at  )hnl«  At  1Mke« 
f .Bin  Increased  to  at  least  6  Ms  nonentarUjr  but  dropped  to  1 
Me  vlthln  a  ndlnate.  At  Nuii  and  Midvay,  f-gdn  decreased  snre 
slotf3jr»  requiring  nora  than  an  hour  before  reaching  1  Mo* 

F-reglan  critical  frequencies  increased  bgr  about  half  a 
segacyele  at  1  ■»  15  nlmtes  at  Midway  eoirreq>ondlng  to  an  Increase 
In  electron  densl^  of  about  20  per  cent*  At  Itake^a  very  sU^it 
rising  trend  In  the  critical  frequencies,  which  had  begun  prior 
to  the  detonation,  continued  after  the  explosion, and  It  Is  not 
certain  that  there  ws  any  effect  In  the  F-reglon  caused  by  the 
shot  within  the  first  15  ninutes*  The  Mwl  station  did  not 
record  any  Increase  In  critical  frequency,  but.  Instead,  fre¬ 
quencies  were  sU^itly  depressed  In  the  period  H  5  to  H  10 
mlnutea,  after  which  tine  they  decreased  nore  r^^Aly,  and  to 
values  lower  then  normal  for  that  period  of  day.  Critical 
frequencies  at  Mdusy  and  Mske  also  decreased  at  a  rata  greater 
than  naraal,  after  the  Initial  Increase*  Ihe  rapid  decrease  of 
critical  freqnency  at  Midway  contributed  to  a  second  period  of 
blaekout  at  1  ♦  3?  ninutes  when  the  critical  frequencies  were 
less  than  the  value  of  f-edn  for  a  hrlef  period* 

Hear  the  tine  of  local  sunrise  at  eMh  of  the  seven 
stations  on  the  norali^  after  Star  Fish,  D-reglon  absorption 
Increased  aore  rapidly  and  renained  considerable  through¬ 

out  the  day  than  on  nonml  days*  A  slight  excess  of  ahsorptlcn 
on  the  following  day  ws  also  noted.  F-rsgion  charaeterlstles 
and  critical  fTaquenclea  returned  to  nomal  at  all  stations  after 
sunrise  on  the  womlng  following  the  shot* 
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Most  HF  (  n—iili  >r*nn  eireult*  erosalng  tbe  nelfle 
Ocean  should  taaive  auffercd  only  a  snail  anount  of  outage  tlaa 
due  to  ahsoiptlon  effects  resulting  ftron  Star  Fl^  lotahls 
exceptions  would  have  been  those  circuits  with  paths  tswverslng 
the  iODoqphsrs  in  the  wleinltj  of  the  northern  and  southern 
conjugate  areas  around  TOm  and  Tonga*  The  rapid  decline  in 
critical  ftreq.ueoeies  soon  after  the  detonation  to  'values  lower 
than  nomsl  for  the  tiae  of  day,  observed  in  the  north  at  Maul, 
Midway,  and  Veka,  nsy  ha-ve  caused  HJF  (naxijnuD  usable  lyeauen^) 
failure  on  circuits  with  ionoopheric  reflection  points  in  ‘Uiose 
areas*  Such  circuits  could  probably  have  operated  sticeessfully 
by  lofwerlng  the  operating  frequency*  Ionospheric  layers  fonsA 
over  TongSiand  the  sprcad-F  condition  vhich  developed  there 
and  at  Tutuila  could  have  resulted  in  deleterious  effects  on 
some  types  of  circuits  because  of  changes  in  nultipath  and 
fading  conditions* 

Check  Mete- 

All  stations  showed  an  Inaedlate  though  ooderate  increase 
in  local  absorption,  although  the  increase  at  Tonga  any  have 
been  fortuitous*  Jit  all  stations,  except  Tonga,  there  were 
indications  of  traveling  disturbances  after  tbe  explosion*  At 
Tem,tbere  was  a  wUnarked  increase  in  critical  frequencies 
beginning  about  I  8  sdnutes,  and  at  )hul  and  Midway  less 
'vell-narked  increases  beginning  about  H  20  ninates  at  Ibui 
and  H  20  to  2$  alnutes  at  Midway*  These  tines  inply  average 
speeds  of  traveling  disturbances  of  about  1*9  kq/see,  1*3 
kn/sec,  and  1.0  to  1*3  ka/aec,  respectively,  to  Tern,  Maul, 
and  Midway* 

A  disturbance  eanlfeated  by  an  bbllque  echo  fron  an 
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^pproaeblng  dlstuxtenee  followed  tgr  spread  echoes  seensd  to 
arrive  at  Oantoo  about  H  $3  minutes  end  at  Tutuila  about 
1  ■»  90  Bdmites.  Ihe  eorreapoodlng  averefie  speeds  would  be 
0*7  ks/see  to  Caoton  and  6.65  k^/see  to  Tutuila.  Such  ldcn> 
tlfleatloo  of  the  disturbance  at  Tutuila  ray  be  errooeouSf 
because  the  corresponding  echoes  seeoed  to  grow  out  of  new 
echoes  which  first  appeared  on  the  Tutuila  lonograns  at  B 
6.$  alnutesl 
Blue  Gill. 

There  were  pros^  increases  in  locip.  absorption  at  all 
stations,  the  most  pronounced  being  at  Tern,  and  the  least, 
apparently,  at  Canton.  Apparent  recovery  tine  was  variable, 
but  seened  to  be  about  10  minutes  at  most  stations.  Cbly  at 
Tutuila  did  there  appear  to  be  a  relatively  unanblguous  delayed 
Increase  In  absorption  {fi  *  2  tours  to  E  -t-  3.$  hours)  aside 
ftrom  abnoraal  Increases  at  sunrise. 

F»region  traveling  disturbances  of  substantial  nagnltudc 
were  Indicated  by  the  lonograms  for  }4aul  and  Tern;  a  sooewhat 
weaker  Indication  appears  on  the  I-aidvay  lonograns;  and  none 
is  recognizable  at  the  other  stations.  At  least  3  and  poa» 
slbly  Biore  disturbancea  are  recognizable  in  the  Msul  and  Tern 
records.  Each  of  these  disturbances  Is  characterized  by  a 
narked  decrease  in  critical  frequency  fOUcwed  by  the  develop¬ 
ment  of  a  higher  layer  with  a  greater  critical  frequency.  As 
the  higher  layer  levelopedj  It  took  the  plnce  of  the  previous 
layer.  The  advent  of  the  next  disturbance  was  then  narked 
by  another  decrease  In  critical  frequency,  followed  by  the 
appearance  of  another  higher  layer  as  tbn  cycle  repeated. 

Taking  the  time  at  which  the  critical  frequencies  at 
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Torn  began  to  decrease  at  the  onset  of  tbe  first  large  dlstnx)^ 
anee  as  H  25  sdnutes,  the  value  obtained  for  the  average 
reloelty  of  travel  txm  Johnston  Island,  assvimlng  travel  began 
at  the  Instant  of  tbe  eagdoelon.  Is  0.6  kq/see.  Tbe  decrease 
vhlch  began  at  H  60  sdnutes  for  Ihnl  vould  correspond  to  a 
velocity  of  0.k  loVsec* 

King  fish* 

An  isnedlate  increase  in  local  absorption  occurred  at 
all  stations,  but  seeoed  to  be  least  at  Canton*  Tbe  Increase 
vas  greatest  at  Tern  and  Tutuila.  There  vas  siibstantlal  recovery 
at  all  stations  after  a  few  sdnites,  but  at  Tutuila  tbe  absosp> 
tlon  Increased  rather  rapidly  again  at  about  H  10  Blnutes 
and  remained  high  tbe  rest  of  tbe  nigbt*  At  Tern,  also,  the 
absorption  Increased  again  In  a  asnre  gradual  ipnner  after  about 
H  4  60  sdnutes  and  resalned  hi^  tbe  rest  of  the  ni^it* 

F-reglon  changes  were  dreaatle  at  Tern  and  Tutuila;  they 
were  also  veil  anrhed  at  Maul,  Midway,  and  Tonga,  but  soneWhat 
subtle  at  Canton.  Tbe  Increases  in  critical  frequency  which 
began  about  H  17  sdnutes  at  ihul  and  about  H  ■*'  1»0  sdnutes 
at  Tutuila  to(dc  place  vltbaut  sauted  stratification,  Vbereas 
narked  stratification  appeared  at  TCm  and  Midway.  At  Tonga 
tbe  effect  vas  principally  an  increase  In  oblique  echoes  and 
spreading  of  tbe  F-region  echoes. 

Tbe  above'mentlooed  tines  for  the  beginnings  of  tbs 
critical  fkaqueney  Increases  at  thul  (  B  17  sdnutes)  and 
Tutuila  (H  *  Uo  sdnutes)  both  yield  1*5  kiVsee  for  tbe  average 
velocity  of  tbe  disturbance.  The  beginnings  of  critical  fre¬ 
quency  disturbance  at  tbe  other  stations.  Including  Canton, 
are  u  good  agrecsent  with  this  velocity.  Except  at  Canton 
and  Midway,  tbe  tines  of  tbe  — are  proportional  to 
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distance  ftta  Johnston  Island  vlthin  a  fev  percent*  At  Mldwaj, 
the  arrival  vas  late.  A^aln  excepting  Canton,  a  depressloa 
follcwed  the  min  enhaneenent  of  critical  frequencies,  lihleh 
vas  In  turn  followed  hj  another  small  Increase.  Ihe  tines  of 
these  are  also  approadnatelor  proportional  to  distance, 

arrival  at  Midway  again  being  relatively  late,  and  at  Tongia 
relatively  early. 

Tight  Rope. 

only  Tonga  showed  evldenee  (an  Increase  in  f-mdn)  of  a 
praBq>t  Increase  In  local  absolution,  and  this  Increase  could 
have  been  fortuitous.  So  clear  effects  were  recorded  at  Tern, 
but  both  Maul  and  Midway  lonograna  showed  evldenee  of  traveling 
disturbances,  beginning  at  about  H  minutes  at  both  places. 
The  disturbances  occurred  over  *.  period  of  about  3  hours  In 
both  cases.  H  2l»  nlinttes  f  r  these  stations  corresponds 
to  a  velocity  of  about  1.0  In/mte* 

Cooparlson  of  Events. 

The  magnitudes  of  the  effects  of  a  shot  tended  to  be  a 
strjog  function  of  the  detonation  altitude,  as  well  as  the 
yield.  Thu^  Check  Mate  produced  more  disturbance  at  Tutalla 
than  did  Blue  Gill,  which  was  more  than  ten  times  as  strong, 
because  of  the  difference  In  altitude.  The  differences  In 
the  heists  of  Blue  Gill  and  King  Fish,  which  had  similar 
yields,  made  a  great  difference  In  their  effects,  especially 
In  the  southern  region. 

Star  Fish,  of  course,  had  a  big  advantage  In  both  altitude 
and  yield,  and  thus  had  by  far  the  greatest  effect  at  all  sta» 
tlons.  Tight  Rope,  on  the  other  hand,  though  having  about 
the  same  yield  as  Cheek  Nite,  had  the  lowest  altitude  of  all. 
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•nd  thus  produced  scarcely  recognizable  effects  at  any  ststlcn* 

nie  effects  of  King  fish  vere  similar  In  some  vays  to 
those  of  Star  Fish.  A  notable  difference  Is  the  practically 
Instantaneous  buildup  of  Ionization  density  In  the  P-regton 
at  Tutuila  by  Star  fish,  vhlch  was  entirely  lacking  foUdulng 
IQng  Fish.  In  both  events,  however,  the  major  disturbances 
seemed  to  be  at  those  stations  near  the  conjugate  areas,  naisely. 
Tern  and  Tutuila. 

Although  the  altitude  of  Check  Mate  was  substantially 
greater  than  that  of  King  Fish,  the  effects  of  Check  Mate  at 
Tutuila  were  less  like  those  of  Star  Fish  than  those  of  dng 
Fish,  presumably  because  of  the  low  yield  of  Cheek  Mate. 

The  overall  effects  of  Cheek  Mate  and  Blue  Gill  tended 
to  be  aboxit  equal,  thovigh  noticeably  different  in  detail.  Thus, 
the  chtmge  In  critical  frequency  at  Maul,  Tern,  and  Midway, 
resulting  froo!  Check  Mate,  tended  to  be  greater  than  that  fMs 
Blue  Gill,  bxit  oblique  echoes  and  stratification  of  the  F' 
region  tended  to  be  greater  after  Blue  Gill  than  after  Cheek 
Mite.  This  suggests  that  the  principal  traveling  disturbance 
was  higher  in  the  ionosphere  (mainly  above  the  peak  electron 
density  In  the  F-reglon)  for  Check  Mate  than  for  Blue  Gill. 

Abnormally  high  absorption  developed  at  sunrise  or  during 
the  day  following  some  events.  The  tendency  was  greatest  for 
Star  Fish,  but  nothing  of  the  sort  appeared  after  Check  Ifete 
and  Tight  Rope.  Qihanced  f-mln  occurred  at  all  stations  the 
day  after  Star  Fish,  at  all  stations  but  Maul  and  Midway 
after  Blue  Gill,  end  at  all  but  Midway  and  Canton  after  King 
Fish.  It  Is  conceivable  that  some  of  the  extra  absorption 
following  King  nsh  was  caused  by  the  airdrop  on  30  October. 
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CaODSIOBS  MD  RBCCNCNDATIOIIS 


Aa  thla  project  vos  prlaurily  concerned  with  date 
gathering,  the  Inteiprctatim  given  in  this  report  is  sketchy 
and  speculative.  Mach  aork  reamlns  to  be  done,  especially  in 
correlating  the  re^ts  of  ■sasurenents  by  the  various  projects, 
before  an  adequate  understaadlng  of  boch  effects  can  be  achieved. 

Ihe  sueep-f^equen^  leaosonde  has  proved  capable  of  pro¬ 
viding  Buch  useful  data  on  iaMdiate  and  delayed  effects  on 
absorption  in  the  loner  lonoqbere  and  electron  density  in  the 
E*and  F-regioha,  hut  chaises  In  virtual  heights  are  not  per  se 
reliable  indications  of  true  height  changes,  because  the  retar¬ 
dation  at  a  given  frequency  depends  on  the  retardation  at  all 
lower  frequencies.  Itaua^to  eoewert  virtual  heights  into  true 
heights,  the  coeplete  lonogran  for  all  frequencies  below  the 
critical  frequency  is  necessary,  in  principle,  although  certain 
gaps  can  be  tolerated  without  excessive  error.  Another  condi¬ 
tion  neees8ax7  for  the  ecenreralon,  however,  is  that  the  iono¬ 
sphere  over  the  station  be  plane  stratified,  and  this  condition 
nay  not  be  veil  net  idien  traveling  disturbances  are  present. 

Host  of  the  ionoaondea  used  In  our  neasurenents  provided 
lonograiiis  adequate  for  reasonably  accurate  true-helght  calcu¬ 
lations  under  undisturbed  eoaditlons.  The  perfomance  could 
have  been  iiqproved  with  better  antennas,  but  it  is  doubtful 
whether,  even  with  tbe  best  perfomance,  the  lonograns  would 
have  been  adequate  for  true-helght  calc’olatlons  under  the 
disturbed  conditions  following  the  Fish  Bowl  shots.  Thu^  no 
true-helght  analysis  was  atteiVted  for  this  report. 

Tbe  deployaent  of  tbe  available  lor.osondes  seens  in 
retrospect  to  have  been  quite  good,  especially  in  view  of 
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tbe  locations  of  lonosasfles  operated  hy  other  parojceta. 

Although  intended  for  and  used  In  continuous  operation, 
the  lonosondes  were  not  rcalljr  properly  designed  for  this  node 
of  operation  and  tended  to  hreah  down  frequently.  For  a 
future  Fish  BowL  It  would  he  wise  to  use  new  lonosondes  design¬ 
ed  with  the  1962  Fish  Bowl  experience  In  Bind. 
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CONVENTIONS  AND  SYMBOLS  FOR  f-PLOT8 

1.  When  definite  and  well  defined,  the  ordinary  wave  critical 
frequencies  are  plotted  as  open  circlet. 

2.  Deflnite  x-  and  z-  critical  frequencies,  whan  plotted,  are  plotted 
aa  x’a  and  z'a  respectively.  No  Z  echoes  appeared  in  the  lonqgrams 
described  in  this  report. 

3.  If  the  value  of  a  critical  frequency,  as  defined  hy  the 
standards  of  accuracy,  or  the  nugrietolonic  identity  is  in 
doubt,  a  filled  circle  is  plotted.  This  applies  to  all 
the  conponents;  o,  x,  or  z.  When  a  filled  circle  is  used, 
and  the  reason  for  the  doubt  is  not  obvious  fron  the  re¬ 
presentation  on  the  f-plot,  the  appropriate  descriptive 
letter  is  written  on  the  f-plot  near  the  filled  circle. 

When  the  valxies  for  a  particular  .lonograa  plotted  oq  the 
f-plot  are  all  doubtful  for  the  sane  reason,  the  descrip¬ 
tive  letter  is  noted  at  the  top  margin.  This  procedure 
facilitates  transcribing  the  data  to  the  daily  tabulation 
sheets . 

U.  Any  spread  of  the  echo  about  the  critical  frequency  is 
plotted  as  a  straight  vertical  line  extending  over  the 
frequency  range  covered  by  the  spread.  If  a  critical 
frequency  is  seen  through  the  spread,  its  value  is  plotted 
at  the  appropriate  frequency. 

5.  All  values  of  fbEs  are  plotted  as  filled  circles;  consec¬ 
utive  15-mlnute  observations  associated  with  the  sane  £s 
trace  are  connected  from  one  sounding  to  the  next  by  a 
straight  line.  When  fbEs  exceeds  foFS,  the  value  of 
foEs  may  be  plotted  and  connected  to  adjacent  values  cf 
fbEs. 
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6.  f-mia  Is  represented  by  s  filled  circle  with  n  Terticsl 
line  connecting  it  to  the  effective  lover  fMqoeney 
Halt  of  the  ionosoode. 

7.  "t**  represents  "less  then"  and  is  used  priaarily  vltb 
f.min.  Romallyi  "v"  viU  be  plotted  for  f-ndn  at  the 
lowest  frequency  at  which  echoes  are  received  when  this 
"lowest  frequency"  is  detemJried  by  noise  or  interference. 

8.  "A  "  represents  "greater  than"  and  will  most  often  he 
used  with  foFS.'^It  is  plotted  at  the  highest  frequency 
obtained  vlthin  the  accuracy  rules. 

9.  Missing  data:  Prolonged  periods  of  no  echoes  due  to 

equipment  difficulty  or  absorption  nay  be  Indicated  on 
the  f-plot  by  C  or  3 

lO.  Qualifying  and  descriptive  letters: 

A  I-feasurement  influenoed  by,  or  l^osslble  because  of, 
the  presence  of  a  lower  thin  layer,  for  exanple,  Es. 

If  Conditions  are  such  that  the  measurement  cannot 

readily  be  interpreted,  for  example,  in  the  presence 
of  oblique  echoes. 

R  reasurement  influenced  by,  or  iapossible  because  of, 
absorption  in  the  vicinity  of  a  critical  frequency. 

S  Measurement  influenced  by,  or  iapossible  because  of, 
interference  or  atmospherics. 
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Figure  2  Star  Fish,  Maui,  selected  ionograms. 
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Figure  5  Star  Fieh,  Tern,  selected  ionoframe. 
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Figure  8  Star  Fish,  Midway,  selected  ionograms. 
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Figure  9  8Ur  Fiah,  Midway,  3-hour  frequency  plot. 
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Figure  10  Star  Fish,  Midway,  f-plota. 
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Figure  1C  SUr  Fish,  Canton,  f-plote. 
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Figor*  It  SUr  Fifh.  Tutuila,  f-plots. 
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Figure  21  Star  Fish,  Tonga,  selected  ionograms. 
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Flgura  29  Star  Fiah,  Maul,  Midwa>',  Woks,  F2  virtual  holghu. 


Canton,  Tutuila.  F2  virtual  heiKhU. 
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Figure  29  Check  Mate,  Maui,  f-plots. 
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Figure  32  Check  Mate,  Tern,  f-plots. 
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Figure  36  Check  Mate,  Canton,  selected  ionograms. 


IM 

SECRET 


IM 

SECRET 


FIsur*  40  Cbtck  Mats,  TutuiU,  3-hour  froquuney  plot. 


Figure  42  Check  Mate,  Blue  GUI,  King  Fish,  Tight  Rope, 
Tonga,  selected  lonograms. 
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Figure  47  Blue  Gill,  Maui,  f-ploU. 
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Figure  51  Blue  Gill,  Midway,  3-hour  frequency  plot 
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Figure  52  Blue  Gill,  Midaajr,  f-plot8< 
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Figure  53  Blue  Gill,  Canton,  selected  ionograms, 
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Figure  55  Blue  Gill,  Canton,  f-plota. 
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Figure  56  Blue  Gill,  Tutuila,  selected  ionograme. 
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Figure  58  Blue  Gill,  T«luiUi»  f-plota 
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Figure  60  Blue  Gill,  Tonga,  f-plota. 
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Figure  66  King  Fish,  Tern,  f-plots. 
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Figure  67  King  Fish,  Tight  Rope,  Midway,  selected  ionograms. 
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Figure  69  King  Fish,  Midway,  f-plots. 
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Figure  73  King  Fish.  Tutuih,  lelected  ionograme. 
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Figure  85  Tight  Rope,  Tutuils,  f-plola. 
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Figure  86  Tight  Rope,  Tonga,  f>pIott. 
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ITT  AOftAO  COMAAT  SlATfLC  VASHSMTOT  AffA  1<Cm  ktMA«V 
ITA  crvtlM  AAOlO  CO*CCOA«  TAAliS  lOM 
ITT  COt^iMJA  UHIV  CLCC  ACSCAtCH  lAA  MCO  fOM 
70A  COTTILL  A(A0TAUTICAS  lA*  |ll€  OU^ALO  AT 
fn  MTfTSC  OCSCAtCH  COM  SATTA  tATSAMA  AftA  «Ctt| 
tWHIC«iAS  AfACMri  COM  SATTA  iHMilCA  CALfT 

791  rnM'TtOH  oriiMcsHAusca  a  mica  iac  aostoa 

7ru  e  M  AKSSCt  ASSOC  IAC  LOS  AAMLCS  AfTA  fC€H«i|tAAAa 

70S  riCCTTO-OAfffAi  STStTM  PASAMM  CAi|P 

70A  SMTAAt  tA»ld  COAP  iOAO  tSiAAO  A  T 

701  OfA  OVAMICS  AStPO  0|V  SAA  OICCO  AffA  mA«L1A 

7AA  ASA  ATN7HKS  CCA  ATOAtC  AtV  SAA  SICSO  PtfA  T  |  S 

7AT  OTA  TTAAMICS  COM  ff  «MTM  tCPAS 

210  C(A  ti»C  CO  ADVAACCO  cue  CCAUA  IfMACA  A  t 

711  etc  flCM  mil  PLAAAIAS  OPfA  SAAfA  TATAMA  AffA  MSA 

717  SYkVAAlA  Olv  rue  M*  CAT  MT  V|tH  CALM 

21S  OrOTMTSteS  COM  OP  AA|P  nCOPOM  MSS 

714  M  A  P  StACTP  IAC  SfAff  COLiCAC  M 

715  OCC*Ai«»AfPY  SfStCHS  CCPf  AttA  HCM |APC*(CATf A 
71A  HUCKS  AtPCPAPf  CO  CUiVCA  ClfT  CHM  AffA  MAAKOMC 
71T  INST  POP  DfPCASC  AAALTSIS  AASM|AAfOA 

71A  IStr#  1ft  A  fCtCA  COM  AUftCT  A  V 

7|T  J  mOPCINS  <A|V  AML  PMTSteS  CAT  SltVC*  SPAfAAA 

720  AAMAA  N«fCt(AT  COiOTAflQ  SMIAAS  AffA  VnifOA 


^tt  iOCtHCCO  AIPCAAPt  COAP  PAiO  AtfO  CAttP  ^IfA  WCfAtf 
m  MAATIA  MAICffA  CO  JCPPCASM  COMfTArOk* 

779  H|t*LlAC01A  LAAOAAfOAT  AffA  fCCMtlSTAOr 
774  MfTtC  COPO  M0POPO  MSS  AffA  fCCM  LCTAAPT 
27S  Mt*AUAUPA  PCSPAACM  ASSOC*Af0C* 

774  A  AMCAtCAA  AVlAflOA  OMAfT  CAilP 
77f  AOPfMAOP  AiPCPAff  IAC  MAATHOPAC  CAil* 

77A  ACA  MfCASC  flCC  PTPOUCfS  «OOPfSfP»A  AffA  tIO 

77A  PCA  DATtO  SAtAOPP  ACS  CfAffP  PAfACCfSA  A7 

790  fHOMPSOA  AAMOMOOlSAtSOC  CAilP*AffA  fSCM.tlAOAOY 

79S  AAAO  COM  SAAfA  AOAICA  CAilf 

7T7  PATfMCOA  CO  PtSSItC  A  SPACf  tIV  MO  MSI 

799  •fPlfAttC  AtIATIOA  HlACOlA  A  V 

794  SPKC  MA  COM  CL  MOAtf  CAi|P 

799  SPCr  fCCH  LAS  LOS  AAACLffS  CALtP 

79A  SfANPOPA  AftPAACM  |ASt**AffA  fCCMtIM* 

7Sf  SfAAPOOO  AfSTAACN  |TSf**ATfA  CO«PAlTI<Af IONS 
790  fCCM  OHO*IAC  CMAPOS 

794  UAIT  OP  NICNtOAA  AAA  AtMM  A|Cm  A9*4  OAHiOAC  AlOO 

740  TtfOO  COM  OP  AHCOItA  MCSt  'IPAN«C  A  i 

741  tfrSTIA6N0*iSC  aCSPAOCM  LAO  P|ffSAMO«  PA 
7A7  AtSflAOHOOSC  ffLCC*COM*  VASMAflA  OfTlHA 

749  AAflOAAL  MACAU  OP  SfAAPAAiS  OOUAMt  LAPS  AfLAUt 
744  OCATOAL  CLCtOIC  CO  MP*CLCC*OlV* 


AfOPtC  CACOCT  COHHISSIOA  ACflPlUfl 
>49*74T  Arc  OASMiAAfM  tCC«  LtPOAPf 
74A.240  LOS  ALAMOS  SCiroTlPIC  LAO 
790-794  SAAOtA  COAPOAAflOA 
799-704  LAAAPACP  AAOUffOA  LAO  LIMPMOAf 
709  ACVAOA  nPfPAflOAl  OPPICCtLAS  VtSAS 
700  OTIC  OAA  PtPOC»MSfC« 

74f-700  OftI  004  9I06C  SUOPiOS 
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